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Prostate cancer; Introduction: Sarcopenia is a syndrome characterized by the loss of muscle mass and strength.
Muscle mass; The study objective was to determine the association between muscle density and overall
Metastasis; survival (OS) in patients with metastatic onset prostate cancer (MPCa).

Prognostic factors Patients and methods: This was a retrospective study of patients diagnosed with MPCa between

2009 and 2015 who received androgen deprivation therapy alone as initial treatment. Muscle
density was calculated using the Hounsfield Unit Average Calculation (HUAC) in both psoas
muscles in the computed tomography (CT) scan performed for diagnosis.

Results: A total of 59 patients diagnosed with MPCa, with a mean age of 57.5+72.47 years,
were found. Median PSA level at diagnosis was 68.25ng/dl (IQR 37.26-290). Gleason scores >8
were recorded in 90.75% of the patients, bone metastases in 88.13%, and visceral metastases
in 10.16%. Median HUAC was 20.32 HU (IQR 15.46-22.83).

In a univariate analysis, the number of bone metastases, the presence of visceral metastases,
and testosterone levels >50ng/dl at follow-up were associated with poorer OS, while high
HUAC levels were associated with better 0S. In a multivariate analysis, the number of bone
metastases [hazard ratio (HR)=1.573, 95% confidence interval (Cl)=1.103-2.243, p=0.012],
the presence of visceral metastases (HR=7.404, Cl=2.233-24.549, p=0.001), and the Gleason
score (HR=2.001, Cl=1.02-3.923, p=0.044) were associated with greater overall mortality,
and HUAC (HR=0.902, Cl=0.835-0.973, p=0.008) was associated with better OS.
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Conclusions: In our series, increased HUAC values in the psoas muscles, as a reflection of muscle
density, when MPCa was diagnosed had a protective effect on OS in these patients.
© 2020 SEEN and SED. Published by Elsevier Espafa, S.L.U. All rights reserved.
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Resumen

Efecto de la densidad muscular en pacientes con cancer de préostata metastasico
tratados con terapia de privacion androgénica

Introduccion: La sarcopenia es un sindrome caracterizado por pérdida de masa y fuerza mus-
cular. El objetivo del estudio es determinar la asociacion entre la densidad muscular y la

supervivencia global (SG) de los pacientes con cancer de prostata de debut metastasico (CaPM).
Materiales y métodos: Estudio retrospectivo de pacientes diagnosticados de CaPM entre 2009 y
2015 que recibieron Unicamente terapia de privacion androgénica como tratamiento inicial. La
densidad muscular se calculé usando el Hounsfield Unit Average Calculation (HUAC) de ambos
psoas en la tomografia computarizada (TC) del diagnostico.

Resultados: Identificamos 59 pacientes diagnosticados de CaPM. La media de edad fue 72.47
anos. La mediana de PSA al diagnostico fue de 68.25ng/dl (RIC 37.26-290). EL 90.75% presenta-
ban un Gleason >8, 88.13% metastasis 0seas y 10.16% viscerales. La mediana de HUAC fue de

20.32 UH (RIC 15.46-22.83).

En el analisis univariante, el nimero de metastasis Oseas, la presencia de metastasis vis-
cerales y la presencia de niveles de testosterona >50ng/dl en el seguimiento se asociaron
a una peor SG, mientras que niveles elevados de HUAC se asociaron a mejor SG. En el
analisis multivariante, el nimero de metastasis 6seas[Hazard ratio (HR) =1.573, intervalo con-
fianza (IC) 95%=1.103-2.243, p=0.012], la presencia de metastasis viscerales (HR=7.404,
1C=2.233-24.549, p=0.001) y el Gleason (HR=2.001, IC=1.02-3.923, p =0.044) se asociaron a
un aumento de la mortalidad global y el HUAC(HR=0.902,1C =0.835-0.973, p=0.008) se asocio

a una mejor SG.

Conclusiones: En nuestra serie, el aumento de los valores de HUAC de los musculos del psoas,
como reflejo de la densidad muscular, en el diagndstico del CaPM, tuvo un efecto protector
sobre la SG en estos pacientes.
© 2020 SEEN y SED. Publicado por Elsevier Espana, S.L.U. Todos los derechos reservados.

Introduction

Different overall survival (OS) prognostic factors have been
described in patients with metastatic prostate cancer
(MPCa). The classical factors have been the Gleason score
and the levels of prostate-specific antigen (PSA) and testos-
terone 6 months after the start of androgen deprivation
therapy (ADT)." Other factors associated with OS in these
patients have been the presence of pain, visceral metas-
tases, elevated LDH and alkaline phosphatase levels, and
the presence of anemia.?

In 2010, the European Working Group on Sarcopenia in
Older People (EWGSOP) defined sarcopenia as a syndrome
characterized by a loss of muscle mass and strength that may
be associated with poor physical performance.? In addition,
they defined pre-sarcopenia as a decrease in muscle mass
not affecting muscle strength or physical performance.

In 2019, the EWGSOP2 updated the definition of sarcope-
nia. The latter was defined as a generalized and progressive
skeletal muscle disorder associated with an increased proba-
bility of adverse outcomes including falls, fractures, physical
disability and mortality.* The EWGSOP2 also updated the
diagnostic criteria for sarcopenia (Table 1).
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Various imaging techniques may be used to calculate
muscle mass: DXA (dual energy X-ray absorptiometry), BIA
(bioelectric impedance analysis), magnetic resonance imag-
ing (MRI) and computed tomography (CT).>

A number of studies have shown the presence of sarcope-
nia in the diagnosis of a solid tumour to have a negative
impact upon 0S.¢

The present study was carried out to assess the prog-
nostic impact of muscle density in patients diagnosed with
metastatic onset prostate cancer treated with ADT alone.

Material and methods

A retrospective study was made of patients diagnosed with
metastatic onset prostate cancer between 2009 and 2015.
Patients without a baseline CT scan were excluded from the
analysis. All patients received ADT alone as first treatment,
comprising the initial use of antiandrogens (bicalutamide
50 mg/day) to avoid flare-up phenomena, and subsequently
6-monthly LHRH analogues, with the suspension of bicalu-
tamide 30 days after the start of the latter treatment. All
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Table 1

Definition of sarcopenia according to the EWGSOP2.*

Probable sarcopenia is identified by criterion 1. The diagnosis of sarcopenia is confirmed by the additional documentation
of criterion 2. If all criteria 1, 2 and 3 are met, sarcopenia is considered to be severe

1. Low muscle strength
2. Low muscle quantity or quality
3. Low physical performance

EWGSOP2 criteria

EWGSOP = European Working Group on Sarcopenia in Older People.

Reference: Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Cederholm T, et al. Sarcopenia: revised European consensus on
definition and diagnosis. Age and Ageing 2019;48:16-31. doi:10.1093/ageing/afy169.

Right psoas muscle Left psoas muscle

Area = 8.35 cm?

Area = 9.42 cm?

Mean HU = 43.21 Mean HU = 49.07

Fig. 1  Data collection from the CT scans of both psoas muscles
at level L3 for the subsequent recording of HUAC.

patients were advised to maintain an adequate level of phys-
ical activity, with resistance and strength exercises.

Measurement of muscle density

Hounsfield Unit Average Calculation (HUAC) was recorded
(Fig. 1) for the psoas muscles, as described by Joglekar
et al.” in 2015.

The HUAC is a measure that assesses lean mass density
and fat infiltration based on the Hounsfield units (HU) of the
area (in cm?) of both psoas muscles at the level of the third
lumbar vertebra (L3), using the CT performed at the time of
diagnosis of the disease.

The following formula was used to calculate the
HUAC value’

Firstly, we obtained the Right Hounsfield Unit Calculation
(RHUC) = (Hounsfield Unit right psoas x right psoas area) /
(total psoas area).

Then we recorded the Left Hounsfield Unit Calculation
(LHUC) = (Hounsfield Unit left psoas x left psoas area) / (total
psoas area).

Lastly, we recorded HUAC = (RHUC + LHUC)/2.

The HUAC has been associated in particular with
outcomes following hepatobiliary-pancreatic and gastroin-
testinal cancer surgery.”*

Statistical analysis

The age of the patients was evaluated, expressed as the
mean and standard deviation (SD). Baseline PSA, HUAC in
the baseline CT scan, PSA at 6 months and testosterone at 6
months after the start of ADT were analysed, and reported
as the median and interquartile range (IQR). The number of
bone metastases was categorized as 0, 1-2, 3-9 and >10,
the result being reported as total number and percentage.
The presence of visceral metastases (M1c) was also reported
as total number and percentage.

Overall survival was calculated using the Kaplan-Meier
method.

The Cox regression test was used to determine whether
HUAC (assessed as a continuous variable) was unilater-
ally associated with OS. A multivariate analysis was then
performed using the backward stepwise selection method,
including the factors found to be significant in the univariate
study, as well as the classical prognostic factors.

Statistical significance was considered for p <0.05.

Results

We identified 70 patients with metastatic onset prostate
cancer diagnosed at our centre during the study period.
Of these subjects, only 59 could be analysed, because the
remainder had had no baseline abdominal CT scan at the
time of diagnosis.

Table 2 summarizes the patient characteristics. The mean
age of the patients was 72.47 +£12.25 years. The great
majority (90.75%) presented a Gleason score >8. A total of
88.13% were diagnosed with bone metastases, and 74.56%
presented more than three bone metastases. The presence
of visceral metastases (M1c) was recorded in 10.16% of the
patients. The median follow-up time was 30.5 months (IQR:
15-45.75). The median survival based on the Kaplan-Meier
method was 32.3 months (95% confidence interval [95%Cl]
17.1-47.16) (Fig. 2).

The variables significantly associated with a decrease
in OS in the univariate analysis were the number of bone
metastases (p=0.002), the presence of visceral metastases
(p=0.014) and the absence of testosterone levels above cas-
tration levels (p=0.036). In contrast, the HUAC value of the
psoas muscles (p =0.008) showed a protective effect and was
associated with improved OS (Table 3).

All variables with a significant impact in the univariate
analysis were entered in the multivariate study. Although
not found to be significant in the univariate analysis, the
Gleason score of the biopsy was also included because of
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Table 2 Characteristics of the study population.

Mean age, years (SD)
Median diagnostic PSA, ng/mL (IQR)
PSA at 6 months after start of treatment, median, ng/mL (IQR)

Gleason, N (%)
<7
>8

Location of metastasis, n (%)
Retroperitoneal adenopathies
Bone metastases
Visceral metastases

Number of bone metastases

0

1-2

3-9

>10
Testosterone at 6 months, median (ng/dl) (IQR)
Testosterone >50ng/dl at 6 months, n (%)
Testosterone >50ng/dl during follow-up, n (%)
Median HUAC, HU (IQR)

72.47 (12.25)
68.25 (37.26-290)
3.89 (0.55-23.12)

5 (9.25)
54 (90.75)

30 (50.84)
52 (88.13)
6 (10.16)

6 (10.16)

9 (15.25)

16 (27.11)

28 (47.45)

6 (2.5-13)

6 (10.16)

14 (23.72)

20.32 (15.46-22.83)

SD=standard deviation; PSA=prostate-specific antigen; IQR=interquartile range; HUAC=Hounsfield Unit Average Calculation;

HU =Hounsfield units.
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Fig. 2 Kaplan-Meier survival curve of the

Survival function
Censored

Median
survival:

32.3 months
(95%Cl: 17.1-
47.16)

) 80:60 - 106,06 - 1726,007

)

study population. Cl=confidence interval.

Table 3 Univariate analysis of the association of different variables with patient survival.

HR 95% confidence interval p
HUAC 0.910 0.849-0.976 0.008
Gleason >8 1.519 0.904-2.554 0.114
Number of bone metastases 1.620 1.192-2.200 0.002
Visceral metastases 3.803 1.310-11.038 0.014
Baseline PSA 1 1-1 0.722
6-month PSA 1.003 0.997-1.008 0.350
No testosterone escape >50ng/dl during follow-up 0.451 0.214-0.949 0.036
% change in PSA at 6 months 1.003 1-1.006 0.064

HUAC = Hounsfield Unit Average Calculation; PSA = prostate-specific a

ntigen; HR = hazard ratio.
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its classically recognized prognostic impact. The change in
PSA value at 6 months, expressed as a percentage, was also
included, since it came close to statistical significance in the
univariate analysis (p=0.064).

The multivariate study (Table 4) found a Gleason
score >8 (hazard ratio [HR]=2.001, 95%Cl=1.02-3.923;
p=0.044), the presence of visceral metastases (M1c)
at diagnosis (HR=7.404, 95%Cl=2.233-24.549; p=0.001),
and a greater number of bone metastases (HR=1.573,
95%Cl=1.103-2.243; p=0.012) to be negatively correlated
to patient survival.

By contrast, a higher muscle density of both psoas
muscles, assessed by the HUAC, was significantly corre-
lated to improved OS in patients with MPCa (HR=0.902,
95%Cl=0.835-0.973; p=0.008). Neither treatment response
assessed as a change in PSA value 6 months after
starting ADT nor the presence of testosterone levels
above castration levels had an impact upon survival
(HR=0.998, 95%Cl=0.994-1.003, p=0.467 and HR=0.636,
95%Cl=0.261-1.548; p=0.318, respectively).

Discussion

The treatment of metastatic onset prostate cancer has
changed in recent years. Androgen deprivation therapy was
initially considered to be the standard of care for these
patients. The publication of new studies beginning in 2015,
demonstrating increased OS with the administration of doc-
etaxel, abiraterone, apalutamide and enzalutamide,'®-'
has since modified the management paradigm for these
patients. Our study was conducted in patients diagnosed
with MPCa between 2009 and 2015, i.e., prior to the advent
of these new therapies, so consequently they were only
treated with ADT.

In 1988, Soloway et al.” reported that a greater num-
ber of bone metastases is associated with poorer survival. In
2003, Glass et al.'® analysed the possible survival prognostic
factors in patients with MPCa. The study variables included
the location of the metastases (appendicular and/or visceral
versus axial), the patient performance status (0 versus 1-3),
baseline PSA at diagnosis (<65 versus >65ng/mL) and the
Gleason score (<8 versus >8). The patients with a poorer
prognosis were those with appendicular and/or visceral bone
metastases, performance status >1, and PSA >65ng/mL
(HR=2.8). Gravis et al.,? in the patient population enrolled
in the GETUG-15 trial,"” found that alkaline phosphatase,
LDH, hemoglobin and pain intensity also behave as prog-
nostic factors. In our series we found the Gleason score,
the number of bone metastases, and the presence of vis-
ceral metastases to have an impact upon the OS of these
patients, these data being consistent with those reported in
the previously published series.

Following the introduction of the new treatments, a
number of different poor outcome factors have been identi-
fied. The term high volume disease was defined in patients
treated with docetaxel (the presence of visceral metas-
tases or >4 bone metastases with >1 bone lesion beyond
the vertebral bodies and pelvis).'® In patients treated with
abiraterone, the concept of high risk was defined as the pres-
ence of two or more of the following factors: a Gleason score

>8, at least three bone lesions, and the presence of visceral
metastases. "

Perachino et al." described the prognostic importance
of PSA as a response 6 months after starting treatment
with ADT, and also of the testosterone levels in that same
period. In our study, the testosterone levels at 6 months,
the presence of testosterone >50ng/dl at some point during
follow-up, and PSA at 6 months had no impact upon survival.

Sarcopenia has been shown to be a poor outcome
indicator in a number of tumours such as melanoma,
esophageal cancer,'® gastrointestinal or lung cancer' and
hepatocarcinoma.?’ The negative impact of sarcopenia
in urological tumours such as metastatic renal cancer?'
and urothelial carcinoma (both in patients subjected to
cystectomy?? and after nephroureterectomy??) has also been
investigated. In most of these studies, sarcopenia was
defined based on the muscle mass area using abdominal
CT scans, but without assessing either loss of strength or
physical performance.

Versteeg et al.?* found sarcopenia (calculating mass and
density with CT and assessing muscle strength) to be asso-
ciated with poorer survival in advanced tumour disease,
including patients with prostate cancer. Stangl-Kremser
et al.?® in turn found low muscle volume to be an indepen-
dent poor prognosis factor for disease progression in patients
with metastatic castration-resistant prostate cancer. In our
population, the presence of higher muscle density acted as
a protective factor. To our knowledge, the present study is
the first to explore the association between muscle density
using HUAC of the psoas muscles and OS in patients with
metastatic onset prostate cancer.

Muscle mass measured from abdominal CT scans has been
shown to be associated with total body muscle mass.? In
addition, it has been seen that even when only evaluating
psoas muscle mass with CT, the data obtained are correlated
to total muscle mass.?” As important as muscle volume is the
radiation attenuation of the muscle, assessed in the CT scan,
and its density. The lesser the muscle density, the poorer is
the quality of the muscle.?®

One of the problems in assessing sarcopenia is the differ-
ent criteria used in the published series. In addition, most
published studies are retrospective and only assess muscle
mass without taking into account the recommendations of
the EWGSOP, which state that muscle function should also
be considered.® In our study, we assessed HUAC because
it integrates both muscle area (quantity) and the degree
of fat infiltration (quality) into a single value. Joglekar
et al.” were the first to define HUAC and assess it as a
predictor of complications in patients subjected to pancre-
atectomy, though they erroneously associated it indirectly
with the presence of sarcopenia, since they did not assess
muscle strength. In the case of a relationship, the HUAC
value would be better associated with the presence of pre-
sarcopenia. Many other studies have subsequently evaluated
the association between HUAC and oncological and postop-
erative outcomes, erroneously associating muscle density
with sarcopenia.®’

Although clear evidence is lacking, it seems logical to
assume that improving muscle mass will have a beneficial
impact upon oncological patients,?’ since it is a modifiable
prognostic factor. The European Society for Clinical Nutri-
tion and Metabolism (ESPEN) recommends maintaining or
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Table 4 Multivariate analysis of the association of different variables with patient survival.

HR 95%Cl p
HUAC 0.902 0.835-0.973 0.008
Gleason >8 2.001 1.02-3.923 0.044
Number of bone metastases 1.573 1.103-2.243 0.012
Visceral metastases 7.404 2.233-24.549 0.001
Baseline PSA 1.000 0.999-1.000 0.357
% change in PSA at 6 months 0.998 0.994-1.003 0.467
No testosterone escape >50ng/dl during follow-up 0.636 0.261-1.548 0.318

HUAC = Hounsfield Unit Average Calculation; PSA = prostate-specific antigen; HR = hazard ratio; Cl = confidence interval.

increasing physical activity in cancer patients in order to
improve muscle mass and physical function, with a high
level of evidence and a strong grade of recommendation.
With regard to the type of exercise, resistance exercises are
advised, together with aerobic exercises, though with a low
level of evidence and a weak grade of recommendation.*®
On the other hand, in a review of patients with prostate
cancer, Peisch et al.?' found that regular vigorous physical
exercise appeared to decrease the risk of progression.

The assessment of muscle density by recording HUAC
from CT scans is an easy and reproducible technique that
could be correlated to the presence of pre-sarcopenia,
though further studies are needed to demonstrate this possi-
ble association. In addition, pre-sarcopenia could be defined
as sarcopenia if the patient also presents a decrease in
strength.

Our study has limitations. It involves a retrospective
design and the sample size is limited, thus precluding the
drawing of firm conclusions. Another limitation of the study
is the fact that a normal muscle density cut-off value cannot
be established using HUAC, because our entire population
consisted of metastatic patients, and we assumed that they
had a lower HUAC value as compared to the healthy popula-
tion. Lastly, another limitation is the fact that 11 of the 70
patients with metastatic onset prostate cancer in the study
period had had no baseline CT scan for assessing HUAC and
thus could not be included in the study. Despite the above,
the results obtained are in line with those published in simi-
lar articles, confirming their soundness. Prospective studies
involving larger sample sizes are needed for more robust
conclusions to be drawn regarding muscle density assessed
with HUAC in the studied target population.

Conclusions

In our series, the increase in HUAC values of the psoas mus-
cles, reflecting the absence of sarcopenia in the diagnosis
of MPCa, had a protective effect upon the OS of patients
diagnosed with metastatic onset prostate cancer.
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