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Impact of cachexia on outcomes in aggressive lymphomas
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Abstract Cancer cachexia is defined as a state of involuntary
weight loss, attributed to altered body composition with mus-
cle mass loss and/or loss of adiposity. Identifying the associ-
ation between cancer cachexia and outcomes may pave the
way for novel agents that target the cancer cachexia process.
Clinical parameters for measurement of cancer cachexia are
needed. We conducted a single-institution retrospective anal-
ysis that included 86 NHL patients with the aim of identifying
an association between cancer cachexia and outcomes in ag-
gressive lymphomas using the cachexia index (CXI) sug-
gested by Jafri et al. (Clin Med Insights Oncol 9:87–93, 15).
Impact of cachexia factors on progression-free survival (PFS)
and overall survival (OS) were assessed using log-rank test
and Cox proportional hazards regression. Patients were di-
chotomized around the median CXI into Bnon-cachectic^
(CXI ≥49.8, n = 41) and Bcachectic^ (CXI <49.8, n = 40)

groups. Cachectic patients had significantly worse PFS (HR
2.18, p = 0.044) and OS (HR = 4.05, p = 0.004) than non-
cachectic patients. Cachexia as defined by the CXI is prog-
nostic in aggressive lymphomas and implies that novel thera-
peutic strategies directed at reversing cachexia may improve
survival in this population.
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Introduction

Aggressive B-cell non-Hodgkin lymphomas (B-NHLs) typi-
cally present with constitutional symptoms including weight
loss, fevers, and night sweats. While the presence of these
symptoms has some prognostic utility [1], our growing expe-
rience with metabolic disorders as they relate to the pathogen-
esis and natural history of lymphoma has led us to believe that
the Bcancer cachexia syndrome,^ a complex metabolic syn-
drome associated with underlying illness and characterized by
loss of muscle with or without loss of fat mass [2], may be the
more relevant prognosticator in this regard. Cachexia repre-
sents a state of involuntary weight loss and altered body com-
position attributed to the effects of host inflammatory re-
sponse, inflammatory cytokines, and tumor bi-products [3,
4]. One of the prevailing hypotheses on this phenomenon
concerns the tumor’s pronounced demand for metabolic build-
ing blocks and ability to reprogram energy metabolism (e.g.,
the Warburg effect) to meet this need [5, 6]. These changes
include alterations in metabolism of fat, protein, and carbohy-
drates with resultant muscle wasting or sarcopenia and fat loss
or adipopenia [7]. Mechanistically, the basis for this systemic
recruitment for these metabolic building blocks remains inad-
equately understood. Most would agree on some contribution
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of inflammation to the process of cachexia, with additional
hallmarks of this disorder including elevated levels of C-
reactive protein (CRP) [8], anemia, and hypoalbuminemia
[9]. However, the interplay between inflammation, other po-
tential biologic mechanisms, the development of cachexia and
the pathogenesis of cancers, including lymphomas, has yet to
be defined.

Several prognostic factors have been validated for aggres-
sive NHL patients, including, the International Prognostic
Index (IPI) which takes into account the age, ECOG perfor-
mance status, stage, LDH levels, extranodal involvement, and
stage of disease in the patient [10]. Diffuse large B-cell lym-
phoma (DLBCL) has had additional parameters specifically
defined, including the presence of c-myc translocation while
harboring a concurrent bcl-2 and/or bcl-6 mutation [11] and
cell of origin [12]. Although each of the aforementioned mea-
surements are independently prognostic of outcome, they
have yet to achieve predictive utility.

Based on our current knowledge of mechanisms underly-
ing cancer cachexia, several of these may represent therapeu-
tically targetable pathways that are both reflective of patho-
genesis of disease and predictive of outcomes in lymphoma.
In fact, investigators have shown a correlation between vari-
ous protein factors pertinent to cachexia and clinical outcomes
in lymphoma. For example, elevated levels of leptin, which
typically suppress hunger, have been correlated with poor sur-
vival in aggressive lymphoma subsets, attributed to increased
activation of proliferative signals via the PI3K/AKT pathway
[13]. Similarly, NFκB activation, a protein intermediate dom-
inant in inflammation, is typically associated with aggressive
phenotypes of lymphoma usually characterized by the pres-
ence of constitutional symptoms and chemo-resistance [14].
These suggested links between cachexia and lymphoma biol-
ogy imply a potential role for cachexia surveillance for prog-
nostication and pharmacotherapeutic manipulation of the ca-
chexia axis to improve the management of lymphoma.

More recently, an objective formula that measures cachex-
ia, specifically a cachexia index (CXI), was proposed by Jafri
et al., incorporating three measured variables—a radiograph-
ically derived skeletal muscle index (SMI), albumin (alb), and
the neutrophil to lymphocyte ratio (NLR)—was identified as a
prognostic tool in cancer [15]. Our aim for the current study
was to evaluate cachexia measures, including the aforemen-
tioned CXI for their potential prognostic utility in aggressive
NHL including DLBCL and mantle cell lymphoma (MCL).

Materials and methods

This was a retrospective study that reviewed all patients diag-
nosed with DLBCL and MCL between 1991 and 2015 and
managed at our institution. Diagnostic surgical pathology was
reviewed to confirm NHL subtype. We identified 239 cases

fitting this criteria. Patients who did not have baseline imaging
of high quality available in our electronic imaging database
for measures of muscle indices (as described below), were
excluded. Ultimately, 86 patients were identified with avail-
able imaging and were analyzed to assess for associations
between cachexia and clinical outcomes.

Patient characteristics including age, height, weight, and
body mass index (BMI) at the time of diagnosis were collect-
ed. Laboratory tests done within a window of 1 week prior to
date of diagnosis and up to the date of treatment were
reviewed for the following: LDH, lymphocyte percentage,
absolute lymphocyte count, absolute neutrophil count, albu-
min, and complete blood counts. Diagnostic surgical patholo-
gy and cytogenetic reports including fluorescent in situ hy-
bridization (FISH) and molecular pathology were reviewed
to obtain information status cell of origin by Hans criteria
[16], c-myc, bcl-2, and bcl-6 status.

Patient pre-treatment computed tomography (CT) scan and
positron emission tomography (PET) scans were reviewed.
CT muscle indices for evaluating sarcopenia were recorded
[17]. For each CT scan, axial images from the third lumbar
vertebrae (L3) was assessed. Images were analyzed with
Slice-O-Matic V4.3 software (Tomovision), which enabled
specific tissue demarcation using Hounsfield unit (HU)
thresholds as defined by Camus et al. 2014 [18]. The tissue
boundaries for muscle in the L3 region were manually anno-
tated and cross-sectional areas (cm2) were computed and nor-
malized for stature and reported as a skeletal muscle index
(SMI, cm2/m2). Sarcopenic patients were defined as those
whose SMI fell below the median muscle mass measured for
men/women in our population per prior reports [18, 19].

Patients were assessed for presence or absence of cachexia
utilizing this CXI index, defined as SMI/Alb × NLR [15].
Although there is a clear lack of consensus of how to define
cachexia, the most common practice has been to define cut-offs
around median values for sarcopenia and adipopenia as mea-
sures of cachexia, in various cohorts of patients with solid and
hematologic malignancies [17–19]. We applied this approach to
the CXI: Bcachectic^ and Bnon-cachectic^ patients in our cohort
were defined as having a CXI <49.8 versus CXI ≥49.8, respec-
tively around the median value of CXI for our population.

Overall survival (OS) was defined as the time between the
date of diagnosis and death or date of last known follow-up.
Progression-free survival (PFS) was defined as time between
the date of diagnosis and the date of disease relapse or progres-
sion. The impact of the CXI on PFS and OS were estimated
using log-rank test and Cox proportional hazards regression.

Results

Eighty-six patients with quality radiographic images were an-
alyzed. Patient characteristics are summarized in Table 1.
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Treatments administered to patients are also shown in Table 1
with the majority of DLBCL patients (n = 67, 88%) having
received R-CHOP (Rituximab, cyclophosphamide, doxorubi-
cin, vincristine, and prednisone. Treatment strategies were

more variable in the MCL cohort (n=10, 12%); patients were
treated either with R-CHOP ± botezomib (three patients,
30%), rituximab ± bortezomib (two patients, 20%),
hyperCVAD ± bortezomib (cyclophosphamide, doxorubicin,

Table 1 Patient characteristics
Characteristic Number of patients (n) Percentage (%)

Histology
MCL 10 12
DLBCL 76 88

Sex
Male 40
Female 46

Age Median = 64
<60 37 43
≥60 49 57

Stage
Stage I/II 31 36
Stage III/IV 54 63
Unknown 1 1

Albumin
<4 41 48
≥4 45 52

BMI
Underweight (<18.5) 2 2
Normal (18.5–24.9) 29 34
Overweight (25–29.9) 31 36
Obese (≥30) 23 27
Unknown 1 1

LDH
Normal 39 45
Elevated 47 55

CXI
≥49.8 (non-cachectic) 41 48
<49.8 (cachectic) 40 47
Unknown 5 5

DLBCL subtype by Hans criteria
GCB 37 43
ABC 31 36
Unknown 18 21

IPI
0 11 13
1 18 21
2 14 16
3 19 22
4 10 12
Unknown 14 16

B—symptoms
Present 32 37
Not present 54 63

Disease bulk
0–4 cm 53 62
5–10 cm 16 19
>10 cm 13 15
Unknown 4 4

DLBCL treatment (n=76)
R-CHOP 67 88
DA-EPOCH 7 9
R-CHOP + bortozemib 1 1.5
HyperCVAD 1 1.5

MCL treatment (n=10)
R-CHOP ± botezomib 3 30
Rituximab ± bortezomib 2 20
hyperCVAD ± bortezomib 3 30
BR 1 10
Observed 1 10

ABC activated b-cell, BMI body mass index, BR bendamustine, rituximab, CXI cachexia index DA-EPOCH dose
adjusted-etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin, DLBCL diffuse large b-cell lym-
phoma, GCB germinal center b-cell, hyperCVAD cyclophosphamide, doxorubicin, vincristine and prednisone
alternating with high-dose methotrexate, and cytarabine, IPI International Prognostic Index, LDH leukocyte
dehydrogenase, R-CHOP rituximab-cyclophosphamide, doxorubicin, vincristine, prednisone
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vincristine, and prednisone alternating with high-dose metho-
trexate and cytarabine, three patients, 30%), BR
(Bendamustine/Rituximab, one patient, 10%) or observed
(one patient, 10%). Divided around the median SMI, 43
(50%) of our patients had muscle loss. The cachexia index
could be calculated in 81 patients; divided around the median
CXI, 41 (50.6%) patients had a CXI ≥49.8 (non-cachectic)
and 40 (49.3%) patients had a CXI <49.8 (cachectic).

With a median follow-up time of 59.5 months, OS was
76% and PFS was 66% for the cohort. On univariate analysis,
patients with a low SMI (below the median) had similar sur-
vival outcomes as compared to those with a high SMI (PFS,
HR 0.64, p = 0.23; OS, HR 0.87, p = 0.74). There was no
difference in clinical outcomes for those patients who were
underweight versus those with normal or increased BMI.
However, using the CXI, patients with Bcachexia^ had signif-
icantly worse PFS (HR 2.18, p = 0.044) and OS (HR = 4.05,
p = 0.004) than those with Bno cachexia^ (Fig. 1). Low albu-
min (<3.5 g/dL), advanced stage, and elevated LDH also had
significant impacts on OS (HR = 3.19, p = 0.011; HR = 5.77,
p = 0.008; HR = 3.87, p = 0.009, respectively). On multivar-
iate analysis (MVA) adjusting for LDH, stage, and CXI, the
presence of cachexia by CXI did not impact PFS (HR = 1.67,
p = 0.2) but was associated with a worse OS (HR = 3.11,
p = 0.032; Table 2). Elevated LDH also adversely impacted
OS (Table 2).

Discussion

Cancer cachexia is a multifactorial syndrome primarily de-
fined by the 2007 cachexia consensus conference as Ba com-
plex metabolic syndrome associated with underlying illness
and characterized by loss of muscle with or without loss of fat
mass^ [2]. Historically, cachexia was thought of as a syn-
drome of anorexia, fatigue, and weight loss. However, it was
recently redefined precisely as the lean muscle mass loss as-
sociated with chronic illness and/or cancer [17]. There is a

growing body of literature to suggest that better understanding
of this process as it relates to lymphoma may enable us to
identify prognostic and predictive tools in aggressive NHL.

Investigators recently published results of a retrospective
analysis of the prognostic impact of cachexia on DLBCL sur-
vival in 80 patients [18]. Forty-four (55%) and 46 (58%) of
patients were considered sarcopenic or adipopenic, respective-
ly. In this study, a difference was demonstrated in the median
PFS of 13.6 months in the adipopenic group versus
49.4 months in the non-adipopenic group (hazard ratio (HR)
= 2.27; 95% confidence interval (CI) 1.3–4; p = 0.0042).What
was striking was that 2-year OS in the sarcopenic population
was 46% compared with 84% in the non-sarcopenic group
(HR = 3.22; 95% CI = 1.73–5.98; p = 0.0002). This is incon-
sistent with our findings showing a lack of correlation be-
tween sarcopenia based on SMI and survival. This discrepan-
cy could be explained by the difference in median age in the
Camus study [18] versus our own (78.8 years versus 64 years,
respectively), anticipating a higher prognostic capacity for
SMI in older patients. Further investigation of SMI with a
larger sample size might also result in more significant
findings.

Jafri and colleagues [15] proposed a formula for an index
that measures cancer cachexia, i.e., the CXI, in a more detailed
manner rather than solely referring to simple measures such as
weight or BMI. The CXI utilizes three parameters individually
linked to poor outcomes, namely the SMI [18], albumin levels
[20], and neutrophil-to-lymphocyte ratio [21], and was shown
to be predictive of poor outcomes in lung cancer patients.

Table 2 Impact of CXI on overall survival in multivariate analysis

Variable HR p value

+ cachexia by CXI 3.11 0.032

Advanced stage 3.6 0.09

High LDH 3.53 0.049

CXI cachexia index, LDH leukocyte dehydrogenase

Fig. 1 Impact of cachexia as defined by the cachexia index on a overall survival and b progression-free survival
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In a similar manner, we applied the CXI to aggressive lym-
phoma and found correlations between a low CXI and surviv-
al. Univariate analysis showed a significant decrease in PFS
(HR= 2.18, p = 0.044) and OS (HR=4.05, p = 0.004) in pa-
tients with cachexia, defined as a CXI below the median
threshold in our population. The presence of a low CXI in-
creased the risk of death threefold on MVA as well (HR =
3.11, p = 0.032). As a retrospective single-institution study,
there are inherent biases that limit clear interpretation of these
results including patient selection based on availability of
baseline imaging. More importantly, another limitation of
our study includes the lack of well-defined cut-offs for CXI,
common to other measures of cachexia such as sarcopenia
and/or adipopenia. It is expected that the CXI may be influ-
enced by sex, race, diet, lifestyle, age, and perhaps geographic
distribution. This supports the need for a prospective multi-
institutional effort to validate the CXI (and define cut-offs) as
a prognostic tool applicable to diverse populations.

A number of correlations between biological mechanisms
pertinent to cachexia and clinical outcomes in lymphoma
have been described in the literature and support our findings.
For example, elevated levels of leptin, a hunger suppressant,
are associated with poor survival in aggressive lymphoma
subsets, attributed to increased activation of proliferative sig-
nals via the PI3K/AKT pathway [13]. Alternatively, polymor-
phisms in ghrelin, a circulating orexin and antagonist of lep-
tin, has been associated with a decreased incidence of aggres-
sive subsets of lymphomas [22]. Links have also been iden-
tified between proteins of inflammation, (tumor necrosis
factor- α (TNF-α), interleukin-6 (IL-6), IL-10), members of
the insulin and insulin-like growth factor axes and myokines,
(vascular endothelial growth factor (VEGF)), and aggressive
phenotypes of lymphoma usually characterized by the pres-
ence constitutional symptoms and chemo-resistance [14,
23–28]. Our results suggest that the CXI may be a way to
screen for the disruption of such biologic mechanisms in a
way that could be applied as predictive tools to guide our
therapeutic strategies.

Strategies to target cancer cachexia are in early stages of
development and include ghrelin receptor agonists (such as
anamorelin), metformin, selective androgen receptor modula-
tors (such as GTx-024), and anti-myostatin antibodies. For
instance, a study by Oliveira et al. found that metformin min-
imized a tumor-induced wasting state by reducing the activity
of proteolytic enzymes responsible for the anabolism of mus-
cle protein [29]. Currently, there are no clinical parameters
which identify lymphoma patients who would be most likely
to benefit from such new treatment strategies. The relation-
ship we demonstrate between cachexia and survival using the
CXI as a clinical parameter of cachexia would suggest that
utilizing such novel agents in patients demonstrating a low
CXI may help to improve clinical outcomes and warrants
investigation in clinical trial.
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