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Abstract  Chemotherapy-induced  alopecia  causes  an  important  impact  on cancer  patients  and

its risk  of  persistence  is currently  a  considerable  issue  in cancer  survivors.  Of  the  various  inter-

ventions  proposed  for  the  prevention  of  chemotherapy-induced  alopecia,  scalp  cooling  has

emerged as  an  effective  and  safe  strategy.  This  paper  aims  to  provide  an  overview  on scalp

cooling  and  chemotherapy-induced  alopecia  prevention.
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Introduction

Chemotherapy-induced  alopecia  (CIA)  is one  of  the most
reported  unpredictable  adverse  events  (AEs)  experienced  by
cancer  patients  and  survivors,1 with  an  overall  incidence  of
65%.2 It  has  been  reported  as  the most disturbing  condition
of  cancer  treatment  by  most  (88%)  women  receiving  periop-
erative  chemotherapy.1 Patients  may  decline  life-prolonging
chemotherapy  to  avoid  developing  alopecia.1,3,4 Further-
more,  CIA  strongly  influences  how  others  perceive  cancer
patients,  the visibility  of  disease,  social  relationships,  and
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sexuality.1,3,5 In  addition  to  physical  and  psychosocial  impair-
ment,  CIA  can  also  be  financially  detrimental  due  to
expensive  cosmetic  products  such  as  wigs  and  hair regrowth
treatments.6

Many  strategies  have  been  tested  to  minimize  CIA,  among
which  scalp  cooling  has proven  to  be  the most  effective.7,8

Since  recent  publications  on  its  efficacy  and  safety  as  a
preventive  method  against  CIA,7---9 this procedure  has been
increasingly  employed  in  Brazil  and  worldwide.  The  National
Comprehensive  Cancer  Network  (NCCN)  Clinical  Practice
Guidelines  in  Oncology  have  recently  added  a  recommenda-
tion  of  scalp  cooling  treatment  for  CIA  prevention  (category
2A)  for  breast  cancer  patients.10

The  present  article  aims to  provide  an overview  of  CIA
and  scalp  cooling  so  that  dermatologists  can become  famil-
iar  with  these  topics,  which  have  become  more  common  in
clinical  practice.

Understanding chemotherapy-induced
alopecia

Most  chemotherapeutic  agents  are  cytotoxic  drugs  that
affect  proliferating  cancer  cells.  Other  normally  proliferat-
ing  cells,  e.g.,  the  hair matrix  cells  (in  anagen  phase  90%
of  the  time)  and bone  marrow,  are unintentional  targets
of  chemotherapy.  Patients  receiving  ---  among  other  drugs
--- anthracyclines  (i.e.,  doxorubicin  and  epirubicin),  taxanes
(i.e.,  docetaxel  and paclitaxel),  or  etoposide  develop  alope-
cia,  often  referred  to  as  anagen  effluvium  (Fig.  1).8,11---14

Clinically,  alopecia  is  most  noticeable  on  the  scalp,  which
has  the  highest  density  of terminal  hair  follicles  in anagen
phase,  and  typically  appears  within  days  to  weeks  after  ini-
tiation  of  treatment  with  many  chemotherapeutic  agents.14

The  interruption  of  hair  follicle  mitotic  activity  contributes
to  the  fragility  of the  proximal  portion  of  the  hair  shaft, and
consequently  breakage  within  the hair  canal.2 After cessa-
tion  of  chemotherapy,  in most  cases,  regrowth  begins  within
1---3  months;  however,  it can present  with  changes  in tex-
ture,  color,  and/or  thickness.13---15 Depending  on  the  degree

Figure  1  Chemotherapy-induced  alopecia.  Breast  cancer

patient  at  the  end  of  the  treatment  with  four  cycles  of  doxoru-

bicin and  cyclophosphamide  (Photo  courtesy  of  Lívia  Nicoletti

Ariano).

of  hair-follicle  stem-cell  damage,  regrowth  generally  takes
up  to  six months  after  cessation  of  chemotherapy.8,14

The  trichoscopic  findings  of  CIA  show the  changes  suf-
fered  by  the hair shaft  throughout  chemotherapy,  varying
according  to  the phase  of  the  treatment.  Broken  hairs,  black
dots,  flame  hairs,  and Pohl-Pinkus  constrictions  may  be seen
in  the first  months  of chemotherapy.  Additionally,  regrow-
ing hairs,  rare  terminal  hairs,  and  circle  hairs  are  usually
observed  at the end  of  the treatment  (Fig.  2).16

Considering  the type  of  the chemotherapeutic  agent,  the
incidence  of  CIA  may  range  from  60%  to  100%  with  topoiso-
merase  inhibitors  (i.e.,  irinotecan,  etoposide,  doxorubicin),
>80%  with  taxanes (i.e.,  docetaxel,  paclitaxel),  and  >60%
with  alkylating  agents  (i.e.;  cyclophosphamide,  ifosfamide),
whereas  antimetabolites  (i.e.;  5FU,  methotrexate,  gemc-
itabine)  present  a  lower  risk.17,18

Besides  the chemotherapy  drug  type,  common  risk  fac-
tors  for  CIA  include  dose, pharmacokinetic  profile, and
combination  regimens  with  various  concurrent  cytotoxic
agents.14 The  degree  of  hair loss  can  also  vary  with  age,
comorbidities,  and  nutritional/hormonal  status.14

Persistent  chemotherapy-induced  alopecia:  an
increasing concern

In some  instances,  hair  loss  may  be persistent  (persistent
chemotherapy-induced  alopecia,  PCIA),  which  is  defined  as
the  absence  or  suboptimal  hair growth  persisting  beyond  six
months  after  cessation  of chemotherapy.13 The  incidence  of
PCIA  can range  from  14%  in childhood  cancer  survivors  to  30%
in  breast  cancer  survivors.19 In  the 1990s,  the  first  reported
cases  of  PCIA  occurred  after  high-dose  chemotherapy  reg-
imens  (busulfan  and  cyclophosphamide)  received  before
bone  marrow  transplantation.20 Radiation  and  taxane-based
chemotherapy  regimens  have  also  been  involved  in  PCIA.21

In a recent cohort  of Asian  breast  cancer  patients,  about
42%  had  PCIA  after three  years  of chemotherapy  comple-
tion,  with  higher  risk  using  taxanes,  which  appear  to  be  more
cytotoxic  to  hair-follicle  stem  cells.15 Relevant  impact  on
self-image  was  reported  in those  patients.15,22

Figure  2  Trichoscopy  of chemotherapy-induced  alopecia.  Tri-

choscopic  findings  in the  region  of  the  vertex  of  the  scalp  of  the

patient  in  fig.  1:  multiple  black  dots,  circular  hair,  and  growing

hair. Rare  terminal  hairs,  some  showing  points  of  constriction

(Pohl-Pinkus)  in their  extension,  referring  to  previous  cycles  of

chemotherapy  (Photo  courtesy  of  Lívia  Nicoletti  Ariano).
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Strategies  for  chemotherapy-induced  alopecia
prevention

Considering  the impact  of  CIA  in cancer  patients,  several
medications  and  procedures  have been  tested  to  reduce
or  prevent  CIA.  A  large  number  of  studies  have  used  ani-
mal  models,  with  variable  and not yet  clinically  proven
results.23---28 A few  products  have  been  tested  in humans  in
small  studies  with  positive  results,  but  more  evidence  is
lacking,  except  for  scalp  cooling,  whose  safety  and  effec-
tiveness  have  been  frequently  described  in recent  years
(Table  1).  Some  topicals,  such as  minoxidil  or  bimatoprost,
have  been  shown  effective  in  stimulation  of  hair  regrowth
after  chemotherapy,  with  no  preventive  effect  on CIA.29---44

Since  the  1970s,  a  variety  of scalp  cooling  techniques  ---
such  as  cryogel  bags,  cold  caps,  and cooling  machines  ---
have  been  used  for  CIA  prevention.12,25---28 Cold  caps  (e.g.,
Elasto-gel,  Penguin)  and  electronic  cooling  machines  (e.g.,
Paxman,  Dignitana)  are the  most  used  worldwide.

In  Brazil,  three  devices  have  approval  from  the Brazilian
Health  Regulatory  Agency  (Agência  Nacional  de  Vigilância
Sanitária  [ANVISA])  for scalp  cooling  during chemotherapy:
Elasto-gel,  Paxman  and  Capelli.  The  latter  is  a  device  made
in  Brazil,  using  cold  air, whose  studies  regarding  its  efficacy
are  about  to  be  published.

Working  mechanism

The  beneficial  effects  of  scalp  cooling  are  caused  by
vasoconstriction  in the  scalp  skin, decreased  intrafollicu-
lar  metabolic  rate,  and  decreased  follicular  drugs  uptake,
which  in  theory  reduce  follicular  exposure  to  harmful  cyto-
toxic  effects  at their  peak  plasma  concentrations.3,11,45---48

Efficacy

The  efficacy  of  scalp  cooling  was  recently  confirmed  by  Nan-
gia  et  al.  in  a  randomized-controlled  trial  with  early-stage
breast  cancer  patients  that  received  at  least  four  cycles
of  taxane-  and/or  anthracycline-based  chemotherapy,  in
which  the  experimental  group  used  a Paxman  device  for
scalp  cooling,  started  30  min prior  chemotherapy  infusion

and  maintained  throughout  infusion  and  for 90  min  after
infusion.  In the scalp  cooling  group,  success  was  reported  in
50.5%  of  women  (50.5%; 95%  CI  40.7---60.4%)  compared  to 0%
in the  control  group  (0%; 95%  CI  0---7.6%).9 Rugo et al.,  in a
recent  systematic  review  and  meta-analysis  which included
ten  randomized  controlled  trials  (two  with  a Paxman  device
and the  others  with  cryogel  caps  or  bag),  endorsed  the
positive  effect  of  scalp  cooling  in reducing  CIA  in patients
with  solid  tumors  (RR  = 0.54;  95%  CI 0.46---0.63;  I2¼  =  11%;
p  <  0.00001).7 Shah  et al.  analyzed  controlled  and  random-
ized  clinical  trials  (CCT and RCT, respectively)  evaluating
scalp  hypothermia  for CIA  prevention,  with  reduction  in
the incidence  of  CIA  by  2.7 (in  CCT)  to  3.9  fold  (in  RCT)
in scalp-cooled  patients.  There  were  18  trials  included
in the review,  with  different  scalp  cooling  techniques  ---
ranging  from  older  and less  complex  cooling  caps  to  digitally
controlled  machines.49 Scalp  cooling  machines  from  Paxman
and  Dignitana  have  been  approved  by  the  Food  and  Drug
Administration  (FDA),  and  have  been  incorporated  into  the
NCCN  guidelines  for  breast  cancer  patients.

Pre-cooling  time and post-infusion  cooling  time

The  duration  of  scalp  cooling  appears  to be an influential
factor  in hair  preservation.50 Cooling  is  generally  started
30  min  before  infusion  (pre-cooling  time  [PCT])  so  that  the
scalp  skin  temperature  has  reached  its lowest  peak  at the
moment  the drug enters  hair  follicles.  Intradermal  or  sub-
cutaneous  scalp  temperature  during scalp  cooling  tends  to
be  on  average  around  22 ◦C, the target  temperature  sug-
gested  by  Gregory  et al.51 However,  low scalp  temperature
range  may  vary  from  one  patient  to another  for  unknown
reasons.  It  may  be due  to differences  in the insulating  action
of  scalp  structures  (hair,  dermis,  and subcutaneous  tissue),
heat  dissipation,  skull  anatomy,  and  reflex  thermal  reaction
to  vasoconstriction.  Those  with  intradermal  scalp  temper-
ature  lower  than  18 ◦C are  more  likely  to have  better  hair
protection  with  scalp  cooling.49,52

The  cooling  procedure  is  maintained  during  the
chemotherapy  infusion  and  kept  for  a period  of  time  after
its  end  (post-infusion  cooling  time  [PICT]),  depending  on  the
chemotherapy  regimen.

Table  1  Preventive  strategies  for  chemotherapy-induced  alopecia  (CIA)  in  animal  models  and  in human  trials

Studied  in  animal  models  Studied  in human  trials:  not

effective

Studied  in human  trials:  effective

Anti-doxorubicin29 Topical  minoxidil23 AS101a  30

Topical  epinephrine  and  norepinephrine31 Parathyroid  hormone  receptor

(PPR)  ligands32

Scalp  cooling9,33,34

Topical  n-acetyl  cysteine35 Scalp  tourniquet36

Topical  antioxidants  (resveratrol,  aminothiol)31 Topical  calcitriol37

Topical  cyclosporine  A38 DHL-HisZnNA39

Immunomodulators  (Il-1,40 imuvert41)

Acid FGF,  EGF40

CDK2  inhibitors42

Caspase-3  inhibitors43

Multi-target  iron  chelator  M3044

a More evidence needed.
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Some  studies  involving  cold  caps  reported  they  were
unable  to maintain  low  temperatures  for  the entire  dura-
tion  of  the  planned  treatment  time.  It  has, however,  been
suggested  that  the caps should  be  changed  three  to  four
times,  or  every  25 min,  during  the chemotherapy  infusion
and  PICT,  to  ensure  a  stable  temperature.48 However,  cool-
ing  machines  with  thermostat  management  keep  a  stable
temperature  and  require  fewer  nursing  interventions.18

To  date,  the  precise  duration  of the PICT  is  yet  to  be
estimated.  Ideally,  the PICT  should consider  the  pharma-
cokinetics  of  exposure  to  the cytotoxic  agent  and/or  its
active  metabolites,  which correspond  to  peak  plasma  con-
centrations,  drug half-life,  and  potential  interactions.28,50

Considering  patients  treated  with  docetaxel  regimens,  PICTs
of  90’  and  45’  had  similar  results  preventing  hair loss  (79%
vs.  95%  of  patients  with  success,  respectively;  p = 0.04).53

Komen  et al. studied  PICTs  of  20’ and  45’,  also  in  patients
taking  docetaxel,  with  comparable  rates  of  hair  reten-
tion  (73%  vs.  79%  of  patients  with  success,  respectively;
p  = 0.5).54 In anthracycline  regimens,  PICTs  of  90’ or  greater
are  often  used;  however,  prolonging  PICT  showed  no reduc-
tion  in  the  need for  scalp  coverage.55 Further  studies  are
needed  to  determine  the  most effective  PICT  for  each
chemotherapy  regimen.

Hair  loss  assessment  and  scalp  cooling  results

The  Common  Terminology  Criteria  for  Adverse  Events
(CTCAE)  is  largely  used in oncology  to  systematize  the
adverse  events  of  cancer  treatment.  According  to the CTCAE
v.  5.0,  alopecia  grade  1  corresponds  to  less  than  50%  of  hair
loss,  not  requiring  the use  of  a wig  or  a  head  cover;  in  alope-
cia  grade  2, hair loss  is  more  than  50%, and  a wig  or  a scarf
is  necessary.56 A  modified  Dean’s  scale  for hair  loss  is  also
used  to  quantify  the severity  of  CIA  (grade  0: no  hair  loss;
grade  1:  0 to  ≤25%  hair  loss;  grade  2:  >25%  to  ≤50%  hair  loss;
grade  3: >50  to  ≤75%  hair  loss;  grade  4: >75% hair  loss). In
the  literature,  scalp  cooling  is  generally  considered  success-
ful  when  alopecia  is less  than  50%  (CTCAE  v.  5.0  grade  0  or
1;  modified  Dean’s  scale  grade  0.1 or  2).9,34,57

Factors  influencing  scalp  cooling  success

The  success  of scalp  cooling  may  vary  according  to  the
chemotherapeutic  drug,  dose, and  combination,  and  also
depends  on the scalp temperature  achieved,  duration  of
cooling,  and  proper  fitting  of  the  cap.33,48,58 In  the  litera-
ture,  there  is  variability  in  the success  rates  of  scalp  cooling
for  the  same  chemotherapy  regimen  and  dose. Consideration
should  be  given  to  the study  design,  population  character-
istics,  applied  technique,  PCT/PICT,  hair  loss  assessment
scale,  and  the  selected  success  criteria.  In  a Dutch  registry
study  with  1411  patients  (scalp  cooling  performed  with  Pax-
man  devices),  regimens with  low-dose  docetaxel  (75  mg/m2)
and  paclitaxel  (70---90 mg/m2) showed  better  rates  of  suc-
cess  with  scalp  cooling  (94%  and  81%,  respectively)  whereas
among  patients  taking  anthracycline  and  cyclophosphamide,
39%  were  successful.33 Rugo  et  al. reported  success  in  66.3%
of  patients  receiving  taxanes  with  scalp  cooling  with  Dig-
nitana  devices.34 Nangia  et  al. reported  that  scalp-cooled
patients  using  Paxman  devices  under  taxane-based  regimens

are  more  likely  to  have  higher  rates  of  hair  preservation  (59%
success;  paclitaxel  used  weekly  is  more  effective  than  doc-
etaxel  used every  three  weeks)  than  anthracycline-based
chemotherapy  (16% success).9

Scalp cooling  and  cutaneous  scalp skin metastases

Since  the first  reports  of  scalp  cooling  studies,  safety
concerns  have  been raised  regarding  the possibility  that
chemotherapy  does  not sufficiently  treat  pre-existing  sub-
clinical  scalp  skin  metastases.59 The  incidence  of  metastases
in  scalp-cooled  breast  cancer  patients  appears  to be  less
than  1.1%,  which  is  within  the  rates (0.03---3%)  reported  in
breast  cancer  patients  treated  without  scalp  cooling.46,60 In
a  study  involving  442  patients  using  a cold cap,  the  overall
incidence  of  scalp skin  metastases  was  0.45%  (2/442),  occur-
ring  in  0.88%  (2/227)  of breast  cancer  patients.59 Similar  low
rates  of  scalp  skin  metastases  (7/640,  1.1%) were  also  noted
in a retrospective  cohort  study  of women  with  breast  can-
cer,  wherein  the majority  (86.4%)  had been  offered  scalp
cooling  at some  point during their  treatment.  It  is  notewor-
thy  that in neither  case  did  scalp  metastases  manifest  as
the first  isolated  site  of recurrence  ---  women  who  had  a  high
risk  of  breast  cancer  recurrence,  such as  those  in  stage  III,
were  more  likely  to  have  metastases  in  the  scalp,  in addition
to  other  organs.61 Although  additional  research  with  longer
follow-up  is  needed  to  establish  a clear  association,  data
available  indicate  that  there  is  no  increased  risk  of  a poor
outcome  with  scalp  cooling  in breast  cancer  patients.7,62

However,  regression  of scalp  skin  metastases,  despite
scalp  cooling,  has  also  been  reported  (two  cases),  suggesting
that  the  distribution  of  chemotherapy  at  these sites  is not
completely  prevented.59,63 Nevertheless,  in patients  with
blood  cancers  presenting  with  cancer  cells  all over the  body
(e.g.  leukemia,  lymphoma),  scalp  cooling  is  currently  not
recommended.46,64 Witman  et  al. reported  a case  of mycosis
fungoides  that  disappeared  with  consolidation  chemother-
apy  but  recurred  on the  scalp.64 Another  instance  of  relapse
was  described  in a 17-year-old  boy  whose  acute  myeloblastic
leukemia  manifested  with  several  subcutaneous  scalp  nod-
ules  but  with  no  evidence  of  hematological  relapse  seven
years  after  the use  of  scalp  cooling  during  his  two  courses
of  chemotherapy.65

Adverse events  and contraindications  for scalp
cooling

Scalp  cooling  has  been  shown  to  be a well-tolerated  support-
ive  care.49,66 The  most  commonly  reported  AEs  with  scalp
cooling  are low-grade  and include  headaches,  nausea,  dizzi-
ness, complaints  of coldness,  and claustrophobia.  Frostbite
was  reported  in  a few  cases  with  cold  caps, which are  usu-
ally below  −25 ◦C  before  being applied  to  the  patient’s  head;
none  has been  reported  with  cooling  machines.9,33,50,58,67,68

Hairless  areas  (e.g., forehead,  ears, scalp  alopecia)  should
be  protected  during  scalp  cooling,  using  a  simple  bandage.

Scalp  cooling  is  not indicated  for  patients  with  cold
agglutinin  disease,  cryoglobulinemia,  cryofibrinogenemia,
or cold  sensitivity.50 It is  not  recommended  for  patients  with
hematologic  tumors,  who  are  at higher  risk  for cutaneous
metastases.
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Scalp  cooling and  impact on  quality of  life  and
well-being

Although  the  use  of  scalp  cooling  has  become  increasingly
widespread  to prevent  CIA,  studies  have  shown  inconsistent
evidence  of  improvement  in patients’  quality  of life  (QoL),
reportedly  due  to  nonspecific  QoL  assessments  (most  stud-
ies  used  EORTC  QLQ-C30  and  -BR23),  differences  in methods
and  outcomes  reporting  QoL and  overall  cost  and  financial
burden  of  scalp  cooling.47 When  scalp  cooling  does  not  work
as  expected,  the  impact  on  QoL  is  worse  when  compared  to
controls,  i.e.,  patients  not  using  scalp  cooling.33 Therefore,
an  appropriate  QoL  instrument  is  still  sought.  In one  of  the
first  multi-centered  prospective  studies  designed  to  inves-
tigate  the  impact  on  well-being  in breast  cancer  patients
receiving  scalp  cooling  (98/266),  52%  of  the  patients  who
experienced  effective  scalp cooling  reported  better  well-
being  when  compared  to  patients  in whom  this was  not
achieved.69

Final considerations

Scalp  cooling  is  an  approved  and  generally  well-tolerated
option  to  prevent  CIA  and  can  minimize  the  burden  of
cancer  treatment  and  potential  impairments  in patients’
health-related  QoL  and  psychosocial  well-being.  While  the
type  of  scalp  cooling  method  might  not  be  decisive,
maintaining  stable  low scalp  skin  temperatures  is  cru-
cial.  Patients  receiving  anthracycline-based  regimens  have
lower  rates  of  hair  retention  compared  to  taxane-based
chemotherapies.  Patients  with  hematological  malignancies
and  cold-precipitated  diseases  should  not  undergo  scalp-
cooling  therapy.  Scalp  cooling  does  not appear  to  increase
the  risk  of  cutaneous  scalp  metastases  in early-stage  breast
cancer  patients,  nor does it appear  to  compromise  cancer
outcome,  although  long-term  follow-up  studies  are  needed.

Financial support

None  declared.

Authors’ contributions

Giselle  de  Barros  Silva:  Approval  of  final  version  of the
manuscript;  conception  and  planning  of  the  study;  draft-
ing  and  editing  of  the manuscript;  collection,  analysis,  and
interpretation  of  data;  participation  in study  design;  critical
review  of  the  literature;  critical  review  of  the manuscript.

Kathryn  Ciccolini  Hernandez:  Approval  of  final  version  of
the  manuscript;  drafting  and  editing  of  the  manuscript;  par-
ticipation  in  study  design;  critical  review  of  the  manuscript.

Aline  Donati:  Approval  of  final  version  of the manuscript;
critical  review  of  the  manuscript.

Corina  van  den  Hurk:  Approval  of final  version  of  the
manuscript;  critical  review  of the manuscript.

Conflicts of interest

None  declared.

References

1. Kiebert GM, Hanneke J, de Haes CJ, Kievit J,  van de VC. Effect
of peri-operative chemotherapy on the quality of life of patients
with early breast cancer. Eur J  Cancer. 1990;26:1038---42.

2. Trüeb RM. Chemotherapy-induced alopecia. Curr Opin Support
Palliat Care. 2010;4:281---4.

3. Protière C, Evans K, Camerlo J,  d’Ingrado MP, Macquart-Moulin
G, Viens P, et  al. Efficacy and tolerance of a scalp-cooling system
for prevention of hair loss and the experience of breast can-
cer patients treated by adjuvant chemotherapy. Support Care
Cancer. 2002;10:529---37.

4. Parker R. The effectiveness of scalp hypothermia in prevent-
ing cyclophosphamide-induced alopecia. Oncol Nursy Forum.
1987;14:49---53.

5. Auvinen PK, Mähönen UA, Soininen KM, Paananen PK, Ranta-
Koponen PH, Saavalainen IE, et  al. The effectiveness of  a
scalp cooling cap in  preventing chemotherapy-induced alope-
cia. Tumori. 2010;96:271---5.

6. Mols F,  Van Den Hurk CJ,  Vingerhoets AJ, Breed WPM. Scalp cool-
ing to prevent chemotherapy-induced hair loss:  practical and
clinical considerations. Support Care Cancer. 2009;17:181---9.

7. Rugo HS, Voigt J. Scalp hypothermia for preventing alope-
cia during chemotherapy. a systematic review and meta-
analysis of randomized controlled trials. Clin Breast Cancer.
2018;18:19---28.

8. Shin H, Jo  SJ, Kim DH, Kwon O, Myung SK. Efficacy of
interventions for prevention of  chemotherapy-induced alope-
cia: a systematic review and meta-analysis. Int J Cancer.
2015;136:E442---54.

9. Nangia J, Wang T, Osborne C, Niravath P, Otte K,  Papish S, et  al.
Effect of  a scalp cooling device on alopecia inwomen undergoing
chemotherapy for breast cancer: the SCALP randomized clinical
trial. JAMA. 2017;317:596---605.

10. nccn.org. National Comprehensive Cancer Network; c2019.
Available from: https://www.nccn.org/professionals/
physician gls/pdf/breast blocks.pdf [cited 20.08.19].

11. Katsimbri P, Bamias A, Pavlidis N.  Prevention of  chemotherapy-
induced alopecia using an effective scalp cooling system. Eur J
Cancer. 2000;36:766---71.

12. Ridderheim M, Bjurberg M,  Gustavsson A. Scalp hypothermia to
prevent chemotherapy-induced alopecia is effective and safe:
a pilot study of a new digitized scalp-cooling system used in 74
patients. Support Care Cancer. 2003;11:371---7.

13. Chon SY, Champion RW, Geddes ER, Rashid RM. Chemotherapy-
induced alopecia. J  Am Acad Dermatol. 2012;67:e37---47.

14. Paus R, Haslam IS, Sharov AA, Botchkarev VA. Pathobiology of
chemotherapy-induced hair loss. Lancet Oncol. 2013;14:e50---9.

15. Kang D, Kim I,  Choi EK, Im  YH, Park YH, Ahn JS, et al. Permanent
chemotherapy-induced alopecia in patients with breast cancer:
a 3-year prospective cohort study. Oncologist. 2019;24:414---20.

16. Rossi A, Caterina Fortuna M,  Caro G,  Cardone M,  Garelli V,
Grassi S, et  al. Monitoring chemotherapy-induced alopecia with
trichoscopy. J  Cosmet Dermatol. 2019;18:575---80.

17. Rossi A, Fortuna MC, Caro G, Pranteda G, Garelli V,  Pom-
pili U, et al. Chemotherapy-induced alopecia management:
clinical experience and practical advice. J  Cosmet Dermatol.
2017;16:537---41.

18. Dunnill CJ, Al-Tameemi W,  Collett A, Haslam IS, Georgopou-
los NT. A clinical and biological guide for understanding
chemotherapy-induced alopecia and its prevention. Oncologist.
2018;23:84---96.

19. Freites-Martinez A, Shapiro J,  Goldfarb S, Nangia J, Jimenez
JJ, Paus R, et  al. Hair disorders in cancer patients. J  Am Acad
Dermatol. 2019;80:1179---96.

20. Yeager CE, Olsen EA. Treatment of  chemotherapy-induced
alopecia. Dermatol Ther. 2011;24:432---42.

http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0350
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0355
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0355
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0355
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0355
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0355
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0355
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0355
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0355
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0355
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0355
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0355
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0355
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0355
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0355
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0355
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0355
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0360
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0365
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0365
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0365
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0365
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0365
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0365
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0365
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0365
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0365
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0365
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0365
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0365
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0365
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0365
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0365
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0365
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0365
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0365
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0365
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0365
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0365
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0370
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0375
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0380
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0385
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0390
https://www.nccn.org/professionals/physician_gls/pdf/breast_blocks.pdf
https://www.nccn.org/professionals/physician_gls/pdf/breast_blocks.pdf
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0400
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0405
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0410
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0415
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0420
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0425
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0430
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0435
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0440
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0445
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0445
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0445
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0445
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0445
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0445
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0445
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0445
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0445
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0445
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0445
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0445
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0445
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0445
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0445
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0445
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0445
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0445


636  Silva  GB  et al.

21. Haider M,  Hamadah I, Almutawa A. Radiation- and
chemotherapy-induced permanent alopecia: case series.
J Cutan Med Surg. 2013;17:55---61.

22. Freites-Martinez A, Chan D,  Sibaud V,  Shapiro J,  Fabbrocini G,
Tosti A, et  al. Assessment of  quality of  life and treatment out-
comes of  patients with persistent postchemotherapy alopecia.
JAMA Dermatol. 2019;155:724---8.

23. Duvic M, Lemak NA, Valero V,  Hymes SR, Farmer KL, Hortobagyi
GN, et al. A randomized trial of  minoxidil in chemotherapy-
induced alopecia. J  Am Acad Dermatol. 1996;35:74---8.

24. Wirta D, Baumann L, Bruce S, Ahluwalia G, Weng E, Daniels S.
Safety and efficacy of bimatoprost for eyelash growth in. J Clin
Aesthet Dermatol. 2015;8:11---20.

25. Edelstyn GA, MacDonald M, MacRae KD. Doxorubicin-induced
hair loss and possible modification by scalp cooling. Lancet.
1977;2:253---4.

26. Dean JC, Griffith KS, Cetas TC, Mackel CL, Jones SE, Salmon
SE. Scalp hypothermia: a comparison of  ice packs and the Kold
Kap in the prevention of  doxorubicin-induced alopecia. J Clin
Oncol. 1983;1:33---7.

27. Peck HJ, Mitchell H, Stewart AL. Evaluating the efficacy of  scalp
cooling using the Penguin cold cap system to reduce alopecia
in patients undergoing chemotherapy for breast cancer. Eur J
Oncol Nurs. 2000;4:246---8.

28. Massey CS. A multicentre study to determine the efficacy and
patient acceptability of  the Paxman Scalp Cooler to prevent
hair loss in patients receiving chemotherapy. Eur J  Oncol Nurs.
2004;8:121---30.

29. Balsari AL, Morelli D, Ménard S, Veronesi U, Colnaghi MI. Protec-
tion against doxorubicin-induced alopecia in rats by liposome-
entrapped monoclonal antibodies. FASEB J.  1994;8:226---30.

30. Sredni B, Xu RH, Albeck M,  Gafter U,  Gal R, Shani A, et al.
The protective role of the immunomodulator AS101 against
chemotherapy-induced alopecia studies on human and animal
models. Int J Cancer. 1996;65:97---103.

31. Soref CM, Fahl WE. A new strategy to prevent chemotherapy and
radiotherapy-induced alopecia using topically applied vasocon-
strictor. Int J Cancer. 2015;136:195---203.

32. Skrok A, Bednarczuk T, Skwarek A, Popow M,  Rudnicka L,
Olszewska M. The effect of  parathyroid hormones on  hair follicle
physiology: implications for treatment of chemotherapy-
induced alopecia. Ski Pharmacol Physiol. 2015;28:213---25.

33. van den Hurk CJ,  Peerbooms M,  van de Poll-Franse LV, Nortier
JW, Coebergh JW, Breed WP. Scalp cooling for hair preser-
vation and associated characteristics in 1411 chemotherapy
patients --- results of the Dutch Scalp Cooling Registry. Acta
Oncol. 2012;51:497---504.

34. Rugo HS, Klein P, Melin SA, Hurvitz SA, Melisko ME, Moore
A, et al. Association between use of  a scalp cooling device
and alopecia after chemotherapy for breast cancer. JAMA.
2017;317:606---14.

35. Jiménez JJ,  Huang HS, Yunis AA. Treatment
with ImuVert/N-acetylcysteine protects rats from
cyclophosphamide/cytarabine-induced alopecia. Cancer
Invest. 1992;10:271---6.

36. Maxwell MB.  Scalp tourniquets for chemotherapy-induced
alopecia. Am  J Nurs. 1980;80:900---3.

37. Paus R, Schilli MB, Handjiski B, Menrad A, Henz BM,  Plonka P.
Topical calcitriol enhances normal hair regrowth but does not
prevent chemotherapy-induced alopecia in mice. Cancer Res.
1996;56:4438---43.

38. Hussein A, Stuart A, Peters WP. Protection against
chemotherapy-induced alopecia by cyclosporin a  in the
newborn rat animal model. Dermatology. 1995;190:192---6.

39. Sagawa N, Ohno S, Hiratsuka T, Kondo N,  Iwata H, Bando H,
et al. The utility of DHL-HisZnNa, a novel antioxidant, against
anticancer agent-induced alopecia in breast cancer patients:

a multicenter phase II clinical trial. Breast Cancer Res Treat.
2019;176:625---30.

40. Jimenez JJ, Yunis AA. Protection from 1-beta-D-
arabinofuranosylcytosine-induced alopecia by epidermal
growth factor and fibroblast growth factor in the rat model.
Cancer Res. 1992;52:413---5.

41. Houssein AM. Chemotherapy-induced alopecia: new develop-
ments. South Med J.  1993;86:489---96.

42. KnockaertM, Greengard P, Meijer L. Pharmacological
inhibitors of  cyclin-dependent kinases. Trends Pharmacol
Sci. 2002;23:417---25.

43. Porter AG, Jänicke RU. Emerging roles of  caspase-3 in apoptosis.
Cell Death Differ. 1999;6:99---104.

44. Lim YC, Kim H, Lim SM, Kim JS. Genetic analysis of  a
noval antioxidant multi-target iron chelator, M30 protecting
against chemotherapy-induced alopecia in mice. BMC Cancer.
2019;19:149.

45. Tollenaar RA, Liefers GJ, Repelaer van Driel OJ, van de Velde
CJ.  Scalp cooling has no place in the prevention of  alope-
cia in adjuvant chemotherapy for breast cancer. Eur J  Cancer.
1994;30:1448---53.

46. Kadakia KC, Rozell SA, Butala AA, Loprinzi CL. Supportive
cryotherapy: a review from head to toe. J  Pain Symptom Man-
age. 2014;47:1100---15.

47. Marks DH, Okhovat JP, Hagigeorges D, Manatis-Lornell AJ,
Isakoff SJ, Lacouture ME,  et  al. The effect of scalp cool-
ing on CIA-related quality of  life in breast cancer patients:
a systematic review. Breast Cancer Res Treat. 2019;175:
267---76.

48. Grevelman EG, Breed WP. Prevention of chemotherapy-induced
hair loss by scalp cooling. Ann Oncol. 2005;16:352---8.

49. Shah VV, Wikramanayake TC, DelCanto GM, van den Hurk C,
Wu S, Lacouture ME,  et al. Scalp hypothermia as a preven-
tative measure for chemotherapy-induced alopecia: a review
of controlled clinical trials. J  Eur Acad Dermatology Venereol.
2018;32:720---34.

50. Komen MM,  Smorenburg CH,  van den Hurk CJG, Nortier
JWR. Factors influencing the effectiveness of  scalp cooling in
the prevention of chemotherapy-induced alopecia. Oncologist.
2013;18:885---91.

51. Gregory RP, Cooke T,  Middleton J, Buchanan RB, Williams CJ.
Prevention of doxorubicin-induced alopecia by scalp hypother-
mia: relation to degree of  cooling. Br Med J  (Clin Res Ed).
1982;284:1674.

52. Komen MMC, Smorenburg CH, Nortier JWR, van der Ploeg T, van
den Hurk CJG, van der Hoeven JJM. Results of  scalp cooling
during anthracycline containing chemotherapy depend on scalp
skin temperature. Breast. 2016;30:105---10.

53. van den Hurk CJ, Breed WP,  Nortier JW. Short post-infusion scalp
cooling time in the prevention of  docetaxel-induced alopecia.
Support Care Cancer. 2012;20:3255---60.

54. Komen MM, Breed WP, Smorenburg CH, van der Ploeg T,  Goey
SH, van der Hoeven JJ, et al. Results of 20- versus 45-min
post-infusion scalp cooling time in the prevention of  docetaxel-
induced alopecia. Support Care Cancer. 2016;24:2735---41.

55. Komen MMC, van den Hurk CJG, Nortier JWR, van der Ploeg T,
Nieboer P, van der Hoeven JJM, et al. Prolonging the duration of
post-infusion scalp cooling in the prevention of anthracycline-
induced alopecia: a randomised trial in patients with breast
cancer treated with adjuvant chemotherapy. Support Care Can-
cer. 2019;27:1919---25.

56. ctep.cancer.gov. Common terminology criteria for adverse
events (CTCAE). Available from: https://ctep.cancer.gov/
protocolDevelopment/electronic applications/ctc.htm#ctc 50
[cited 25.08.19].

57. Rubio-Gonzalez B, Juhász M, Fortman J, Mesinkovska NA.
Pathogenesis and treatment options for chemotherapy-

http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0450
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0455
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0460
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0465
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0470
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0470
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0470
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0470
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0470
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0470
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0470
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0470
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0470
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0470
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0470
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0470
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0470
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0470
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0470
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0470
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0470
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0470
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0470
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0470
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0470
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0475
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0480
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0485
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0490
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0495
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0500
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0505
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0510
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0515
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0520
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0525
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0525
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0525
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0525
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0525
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0525
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0525
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0525
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0525
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0525
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0525
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0525
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0525
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0525
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0525
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0530
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0535
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0540
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0545
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0550
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0550
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0550
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0550
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0550
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0550
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0550
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0550
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0550
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0550
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0550
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0550
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0550
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0550
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0550
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0555
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0560
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0560
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0560
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0560
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0560
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0560
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0560
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0560
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0560
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0560
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0560
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0560
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0560
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0560
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0560
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0560
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0560
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0560
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0560
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0560
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0565
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0570
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0575
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0580
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0585
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0585
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0585
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0585
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0585
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0585
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0585
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0585
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0585
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0585
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0585
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0585
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0585
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0585
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0585
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0585
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0585
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0585
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0585
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0585
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0585
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0590
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0595
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0600
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0605
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0610
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0615
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0620
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630


Scalp  cooling  to  prevent  chemotherapy-induced  alopecia:  an overview  637

induced alopecia: a systematic review. Int J Dermatol.
2018;57:1417---24.

58. Friedrichs K,  Carstensen MH. Successful reduction of  alope-
cia induced by anthracycline and taxane containing adjuvant
chemotherapy in breast cancer --- clinical evaluation of sensor-
controlled scalp cooling. Springerplus. 2014;3:500.

59. Christodoulou C, Tsakalos G, Galani E, Skarlos DV. Scalp metas-
tases and scalp  cooling for chemotherapy-induced alopecia
prevention. Ann Oncol. 2006;17:350.

60. van den Hurk CJ, van de Poll-Franse LV, Breed WP, Coebergh JW,
Nortier JW. Scalp cooling to prevent alopecia after chemother-
apy can be considered safe  in patients with breast cancer.
Breast. 2013;22:1001---4.

61. Lemieux J, Amireault C, Provencher L,  Maunsell E. Incidence of
scalp metastases in breast cancer: a retrospective cohort study
in women who were offered scalp cooling. Breast Cancer Res
Treat. 2009;118:547---52.

62. Rugo HS, Melin SA, Voigt J. Scalp cooling with adju-
vant/neoadjuvant chemotherapy for breast cancer and the
risk of scalp metastases: systematic review and meta-analysis.
Breast Cancer Res Treat. 2017;163:199---205.

63. Satterwhite B, Zimm S. The use of scalp hypothermia in the pre-
vention of doxorubicin-induced hair loss. Cancer. 1984;54:34---7.

64. Witman G, Cadman E, Chen M. Misuse of  scalp hypothermia.
Cancer Treat Rep. 1981;65:507---8.

65. Forsberg SA. Scalp cooling therapy and cytotoxic treatment.
Lancet. 2001;357:1134.

66. Ross M, Fischer-Cartlidge E. Scalp cooling: a literature review
of efficacy, safety, and tolerability for chemotherapy-induced
alopecia. Clin J Oncol Nurs. 2017;21:226---33.

67. Chan A, Bauwens A, Pontre S, Jackson S, Mcglone F, Ernenwein
T, et al. Efficacy of scalp cooling in reducing alopecia in early
breast cancer patients receiving contemporary chemotherapy
regimens. Breast. 2018;41:127---32.

68. Belum VR, de Barros Silva G, Laloni MT, Ciccolini K, Goldfarb SB,
Norton L,  et  al. Cold thermal injury from cold caps used for the
prevention of  chemotherapy-induced alopecia. Breast Cancer
Res Treat. 2016;157:395---400.

69. Van Den Hurk CJ, Mols F, Vingerhoets AJ, Breed WP. Impact of
alopecia and scalp  cooling on the well-being of  breast cancer
patients. Psychooncology. 2010;19:701---9.

http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0630
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0635
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0640
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0645
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0650
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0655
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0660
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0665
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0665
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0665
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0665
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0665
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0665
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0665
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0665
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0665
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0665
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0665
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0665
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0665
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0665
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0665
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0665
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0665
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0665
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0665
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0665
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0665
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0670
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0670
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0670
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0670
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0670
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0670
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0670
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0670
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0670
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0670
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0675
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0680
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0685
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690
http://refhub.elsevier.com/S0365-0596(20)30165-3/sbref0690

	Scalp cooling to prevent chemotherapy-induced alopecia
	Introduction
	Understanding chemotherapy-induced alopecia
	Persistent chemotherapy-induced alopecia: an increasing concern
	Strategies for chemotherapy-induced alopecia prevention
	Working mechanism
	Efficacy
	Pre-cooling time and post-infusion cooling time
	Hair loss assessment and scalp cooling results
	Factors influencing scalp cooling success
	Scalp cooling and cutaneous scalp skin metastases
	Adverse events and contraindications for scalp cooling
	Scalp cooling and impact on quality of life and well-being

	Final considerations
	Financial support
	Authors’ contributions
	Conflicts of interest
	References


