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Abstract

Introduction:  Sarcopenia  is  a  syndrome  characterized  by  the  loss  of  muscle  mass  and  strength.

The study  objective  was  to  determine  the  association  between  muscle  density  and overall

survival (OS)  in patients  with  metastatic  onset  prostate  cancer  (MPCa).

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  68.25  ng/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  ≥50  ng/dl  at follow-up  were  associated  with  poorer  OS,  while  high

HUAC levels  were  associated  with  better  OS.  In  a  multivariate  analysis,  the number  of  bone

metastases [hazard  ratio  (HR)  = 1.573,  95%  confidence  interval  (CI)  =  1.103---2.243,  p  =  0.012],

the presence  of  visceral  metastases  (HR  = 7.404,  CI = 2.233---24.549,  p  =  0.001),  and  the Gleason

score (HR  = 2.001,  CI  =  1.02---3.923,  p  =  0.044)  were  associated  with  greater  overall  mortality,

and HUAC  (HR  =  0.902,  CI  = 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  España,  S.L.U.  All rights  reserved.
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Efecto  de  la densidad  muscular  en  pacientes  con  cáncer  de próstata  metastásico

tratados  con  terapia  de  privación  androgénica

Resumen

Introducción:  La  sarcopenia  es  un  síndrome  caracterizado  por  pérdida  de  masa  y  fuerza  mus-

cular. El objetivo  del estudio  es  determinar  la  asociación  entre  la  densidad  muscular  y  la

supervivencia  global  (SG)  de  los  pacientes  con  cáncer  de  próstata  de  debut  metastásico  (CaPM).

Materiales  y  métodos:  Estudio  retrospectivo  de pacientes  diagnosticados  de  CaPM entre  2009  y

2015 que  recibieron  únicamente  terapia  de  privación  androgénica  como  tratamiento  inicial.  La

densidad muscular  se  calculó  usando  el  Hounsfield  Unit  Average  Calculation  (HUAC)  de  ambos

psoas en  la  tomografía  computarizada  (TC)  del  diagnóstico.

Resultados:  Identificamos  59  pacientes  diagnosticados  de CaPM.  La  media  de  edad  fue 72.47

años. La  mediana  de PSA  al  diagnóstico  fue  de  68.25  ng/dl  (RIC  37.26-290).  El 90.75%  presenta-

ban un  Gleason  ≥8,  88.13%  metástasis  óseas  y  10.16%  viscerales.  La  mediana  de  HUAC  fue  de

20.32 UH  (RIC  15.46---22.83).

En el análisis  univariante,  el número  de metástasis  óseas,  la  presencia  de  metástasis  vis-

cerales  y  la  presencia  de niveles  de testosterona  ≥50  ng/dl  en  el  seguimiento  se  asociaron

a una  peor  SG,  mientras  que  niveles  elevados  de HUAC  se  asociaron  a  mejor  SG.  En  el

análisis multivariante,  el número  de  metástasis  óseas[Hazard  ratio  (HR)  = 1.573,  intervalo  con-

fianza (IC)  95%  = 1.103---2.243,  p  =  0.012],  la  presencia  de  metástasis  viscerales  (HR  =  7.404,

IC =  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,IC  =  0.835---0.973,  p  = 0.008)  se  asoció

a una  mejor  SG.

Conclusiones:  En  nuestra  serie,  el  aumento  de  los valores  de  HUAC  de  los  músculos  del psoas,

como reflejo  de  la  densidad  muscular,  en  el  diagnóstico  del  CaPM,  tuvo  un efecto  protector

sobre la  SG  en  estos  pacientes.

© 2020  SEEN  y  SED.  Publicado  por  Elsevier  España,  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).1 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.2

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.3 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.4 The  EWGSOP2  also  updated  the
diagnostic  criteria  for sarcopenia  (Table 1).

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).5

A  number  of  studies  have  shown  the presence  of  sarcope-
nia  in the diagnosis  of  a  solid  tumour  to  have  a  negative
impact  upon  OS.6

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  EWGSOP2.4

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

EWGSOP2 criteria

1.  Low  muscle  strength

2.  Low  muscle  quantity  or  quality

3.  Low  physical  performance

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.

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.7 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  cm2) 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 value7

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.7---9

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%CI]
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)  72.47 (12.25)

Median diagnostic  PSA,  ng/mL  (IQR)  68.25 (37.26---290)

PSA at  6  months  after  start  of treatment,  median,  ng/mL  (IQR)  3.89  (0.55---23.12)

Gleason, N  (%)

≤7  5  (9.25)

≥ 8 54  (90.75)

Location of  metastasis,  n  (%)

Retroperitoneal  adenopathies 30  (50.84)

Bone metastases  52  (88.13)

Visceral metastases  6  (10.16)

Number  of  bone  metastases

0  6  (10.16)

1---2 9  (15.25)

3---9 16  (27.11)

≥10 28  (47.45)

Testosterone at 6  months,  median  (ng/dl)  (IQR)  6  (2.5---13)

Testosterone  >50 ng/dl  at  6  months,  n  (%)  6  (10.16)

Testosterone  >50 ng/dl  during  follow-up,  n  (%)  14  (23.72)

Median HUAC,  HU  (IQR)  20.32  (15.46---22.83)

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

HU = Hounsfield units.

Fig.  2 Kaplan-Meier  survival  curve  of  the  study  population.  CI = 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  ≥50  ng/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 antigen; 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%CI  =  1.02---3.923;
p  = 0.044),  the presence  of visceral  metastases  (M1c)
at diagnosis  (HR  =  7.404,  95%CI = 2.233---24.549;  p = 0.001),
and  a  greater  number  of bone  metastases  (HR  =  1.573,
95%CI  =  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%CI  =  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%CI  =  0.994---1.003,  p  =  0.467  and  HR  =  0.636,
95%CI  =  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,10---14

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.15 reported  that  a  greater  num-
ber  of  bone  metastases  is  associated  with  poorer  survival.  In
2003,  Glass  et al.16 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  ≥65  ng/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  ≥65  ng/mL
(HR  = 2.8).  Gravis  et  al.,2 in the  patient  population  enrolled
in the  GETUG-15  trial,17 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).10 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.11

Perachino  et  al.1 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  >50  ng/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,18 gastrointestinal  or  lung  cancer19 and
hepatocarcinoma.20 The  negative  impact  of  sarcopenia
in  urological  tumours  such  as  metastatic  renal  cancer21

and  urothelial  carcinoma  (both  in patients  subjected  to
cystectomy22 and after  nephroureterectomy23)  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.24 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.25 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.26 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.27 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.28

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.6 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.7 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.8,9

Although  clear  evidence  is  lacking,  it seems  logical  to
assume  that  improving  muscle  mass  will  have  a beneficial
impact  upon  oncological  patients,29 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%CI  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  ≥50  ng/dl  during  follow-up  0.636  0.261---1.548  0.318

HUAC = Hounsfield Unit Average Calculation; PSA =  prostate-specific antigen; HR =  hazard ratio; CI = 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.30

On  the  other  hand,  in  a review  of  patients  with  prostate
cancer,  Peisch  et  al.31 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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J.  Muñoz-Rodríguez,  A.  Domínguez,  M.A.  Rosado  et al.

7. Joglekar S, Asghar A, Mott SL, Johnson BE, Button AM, Clark E,

et al. Sarcopenia is  an independent predictor of  complications

following pancreatectomy for adenocarcinoma. J Surg Oncol.

2015;111:771---5, http://dx.doi.org/10.1002/jso.23862.

8. Wagner D, Buttner S, Kim Y,  Gani F, Xu L,  Margonis GA,

et al. Clinical and morphometric parameters of  frailty

for prediction of  mortality following hepatopancreaticobil-

iary surgery in the elderly. Br J Surg. 2016;103:e83---92,

http://dx.doi.org/10.1002/bjs.10037.

9. Tankel J, Yellinek S, Vainberg E, David Y, Greenman D, Kin-

ross J, et al. Sarcopenia defined by muscle quality rather

than quantity predicts complications following laparoscopic

right hemicolectomy. Int J Colorectal Dis. 2020;35:85---94,

http://dx.doi.org/10.1007/s00384-019-03423-x.

10. Sweeney CJ, Chen Y-H, Carducci M,  Liu G,  Jarrard

DF, Eisenberger M,  et al. Chemohormonal Therapy in

Metastatic Hormone-Sensitive Prostate Cancer. N  Engl J Med.

2015;373:737---46, http://dx.doi.org/10.1056/NEJMoa1503747.

11. Fizazi K, Tran N,  Fein L, Matsubara N, Rodriguez-Antolin

A, Alekseev BY,  et al. Abiraterone plus Prednisone in

Metastatic, Castration-Sensitive Prostate Cancer. N  Engl J Med.

2017;377:352---60, http://dx.doi.org/10.1056/NEJMoa1704174.

12. Chi KN, Agarwal N,  Bjartell A, Chung BH, Pereira de

Santana Gomes AJ, Given R, et  al. Apalutamide for

Metastatic, Castration-Sensitive Prostate Cancer. N  Engl J Med.

2019;381:13---24, http://dx.doi.org/10.1056/NEJMoa1903307.

13. Armstrong AJ, Szmulewitz RZ, Petrylak DP, Holzbeierlein J,

Villers A, Azad A, et  al. ARCHES: A Randomized, Phase III Study

of Androgen Deprivation Therapy With Enzalutamide or Placebo

in Men With Metastatic Hormone-Sensitive Prostate Cancer.

J Clin Oncol. 2019, http://dx.doi.org/10.1200/JCO.19.00799.

JCO1900799.

14. Davis ID, Martin AJ, Stockler MR, Begbie S, Chi KN, Chowd-

hury S, et  al. Enzalutamide with Standard First-Line Therapy

in Metastatic Prostate Cancer. N  Engl J Med. 2019;381:121---31,

http://dx.doi.org/10.1056/NEJMoa1903835.

15. Soloway MS, Hardeman SW, Hickey D, Raymond J,  Todd B,

Soloway S, et  al. Stratification of  patients with metastatic

prostate cancer based on extent of disease on  initial

bone scan. Cancer. 1988;61:195---202, doi:10.1002/1097-

0142(19880101)61:1<195::aid-cncr2820610133>3.0.co;2-y.

16. Glass TR, Tangen CM, Crawford ED, Thompson I.  Metastatic

carcinoma of  the prostate: identifying prognostic groups

using recursive partitioning. J Urol. 2003;169:164---9,

http://dx.doi.org/10.1097/01.ju.0000042482.18153.30.

17. Gravis G,  Fizazi K,  Joly F, Oudard S,  Priou F, Esterni

B, et al. Androgen-deprivation therapy alone or

with docetaxel in non-castrate metastatic prostate

cancer (GETUG-AFU 15): a randomised, open-

label, phase 3 trial. Lancet Oncol. 2013;14:149---58,

http://dx.doi.org/10.1016/S1470-2045(12)70560-0.

18. Harada K, Ida S, Baba Y, Ishimoto T, Kosumi K, Tokunaga R, et  al.

Prognostic and clinical impact of sarcopenia in esophageal squa-

mous cell carcinoma. Dis Esophagus Off J  Int Soc Dis Esophagus.

2016;29:627---33, http://dx.doi.org/10.1111/dote.12381.

19. Prado CMM, Lieffers JR, McCargar LJ, Reiman T, Sawyer

MB, Martin L,  et  al. Prevalence and clinical impli-

cations of  sarcopenic obesity in patients with solid

tumours of  the respiratory and gastrointestinal tracts:

a  population-based study. Lancet Oncol. 2008;9:629---35,

http://dx.doi.org/10.1016/S1470-2045(08)70153-0.

20.  Harimoto N,  Shirabe K, Yamashita Y-I, Ikegami T,

Yoshizumi T, Soejima Y, et al. Sarcopenia as a predic-

tor of  prognosis in patients following hepatectomy for

hepatocellular carcinoma. Br J  Surg. 2013;100:1523---30,

http://dx.doi.org/10.1002/bjs.9258.

21. Fukushima H, Nakanishi Y,  Kataoka M,  Tobisu K, Koga

F. Prognostic Significance of  Sarcopenia in Patients with

Metastatic Renal Cell Carcinoma. J  Urol. 2016;195:26---32,

http://dx.doi.org/10.1016/j.juro.2015.08.071.

22.  Smith AB, Deal AM, Yu  H, Boyd B, Matthews J,  Wallen EM,

et al. Sarcopenia as a  predictor of complications and sur-

vival following radical cystectomy. J  Urol. 2014;191:1714---20,

http://dx.doi.org/10.1016/j.juro.2013.12.047.

23.  Fukushima H, Nakanishi Y, Kataoka M, Tobisu K-I,

Koga F. Prognostic significance of  sarcopenia in upper

tract urothelial carcinoma patients treated with radi-

cal nephroureterectomy. Cancer Med. 2016;5:2213---20,

http://dx.doi.org/10.1002/cam4.795.

24.  Versteeg KS, Blauwhoff-Buskermolen S, Buffart LM, de van der

Schueren MAE, Langius JAE, Verheul HMW, et al. Higher Mus-

cle Strength Is Associated with Prolonged Survival in Older

Patients with Advanced Cancer. Oncologist. 2018;23:580---5,

http://dx.doi.org/10.1634/theoncologist.2017-0193.

25. Stangl-Kremser J, Suarez-Ibarrola R, Andrea DD’, Korn SM, Pones

M, Kramer G, et  al. Assessment of  body composition in the

advanced stage of  castration-resistant prostate cancer: spe-

cial focus on sarcopenia. Prostate Cancer Prostatic Dis. 2019,

http://dx.doi.org/10.1038/s41391-019-0186-6.

26. Shen W, Punyanitya M, Wang Z,  Gallagher D,  St-Onge

M-P, Albu J, et al. Total body skeletal muscle and

adipose tissue volumes: estimation from a single abdomi-

nal cross-sectional image. J  Appl Physiol. 2004;97:2333---8,

http://dx.doi.org/10.1152/japplphysiol.00744.2004.

27. Hamaguchi Y, Kaido T, Okumura S, Kobayashi A, Hammad

A, Tamai Y,  et al. Proposal for new diagnostic criteria

for low skeletal muscle mass based on computed tomog-

raphy imaging in Asian adults. Nutrition. 2016;32:1200---5,

http://dx.doi.org/10.1016/j.nut.2016.04.003.

28. Aubrey J,  Esfandiari N, Baracos VE, Buteau FA, Frenette J, Put-

man CT, et  al. Measurement of  skeletal muscle radiation atten-

uation and basis of its biological variation. Acta Physiol (Oxf).

2014;210:489---97, http://dx.doi.org/10.1111/apha.12224.

29.  Fukushima H, Koga F.  Impact of  sarcopenia in

the management of  urological cancer patients.

Expert Rev Anticancer Ther. 2017;17:455---66,

http://dx.doi.org/10.1080/14737140.2017.1301209.

30. Arends J,  Bachmann P, Baracos V,  Barthelemy N,

Bertz H, Bozzetti F, et al. ESPEN guidelines on nutri-

tion in cancer patients. Clin Nutr. 2017;36:11---48,

http://dx.doi.org/10.1016/j.clnu.2016.07.015.

31. Peisch SF, Van Blarigan EL, Chan JM, Stampfer MJ, Ken-

field SA. Prostate cancer progression and mortality: a review

of diet and lifestyle factors. World  J  Urol. 2017;35:867---74,

http://dx.doi.org/10.1007/s00345-016-1914-3.

98

dx.doi.org/10.1002/jso.23862
dx.doi.org/10.1002/bjs.10037
dx.doi.org/10.1007/s00384-019-03423-x
dx.doi.org/10.1056/NEJMoa1503747
dx.doi.org/10.1056/NEJMoa1704174
dx.doi.org/10.1056/NEJMoa1903307
dx.doi.org/10.1200/JCO.19.00799
dx.doi.org/10.1056/NEJMoa1903835
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00019-6/sbref0075
dx.doi.org/10.1097/01.ju.0000042482.18153.30
dx.doi.org/10.1016/S1470-2045(12)70560-0
dx.doi.org/10.1111/dote.12381
dx.doi.org/10.1016/S1470-2045(08)70153-0
dx.doi.org/10.1002/bjs.9258
dx.doi.org/10.1016/j.juro.2015.08.071
dx.doi.org/10.1016/j.juro.2013.12.047
dx.doi.org/10.1002/cam4.795
dx.doi.org/10.1634/theoncologist.2017-0193
dx.doi.org/10.1038/s41391-019-0186-6
dx.doi.org/10.1152/japplphysiol.00744.2004
dx.doi.org/10.1016/j.nut.2016.04.003
dx.doi.org/10.1111/apha.12224
dx.doi.org/10.1080/14737140.2017.1301209
dx.doi.org/10.1016/j.clnu.2016.07.015
dx.doi.org/10.1007/s00345-016-1914-3

	Effect of muscle density in patients with metastatic prostate cancer administered androgen deprivation therapy
	Introduction
	Material and methods
	Measurement of muscle density
	The following formula was used to calculate the HUAC value7
	Statistical analysis

	Results
	Discussion
	Conclusions
	Sources of funding
	Conflicts of interest
	Acknowledgments
	References


