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Despite  DP,  she  remained  asymptomatic,  with  good  toler-
ance  to  nivolumab  and  letrozole.  Immunotherapy  proceeded
until  present  (thirty-nine  months),  given  the clinical  benefit
(Fig.  1).

In synchronous  tumours,  the most advanced  assumes  a
prognostic  importance.  Although  lung  and breast  tumours
are  common  in females,  their  synchronous  diagnosis  is
infrequent.2 The  patient’s  tumours  didn’t present  a common
mutational  background.

Molecular  classification  of  NSCLC  has  a  direct  impact
on  prognosis  and  treatment  choices.  STK11  is  thought  to
have  a  role  on  pulmonary  tumorigenesis,  often  associated
with  KRAS.3,4 The  reported  STK11  pS69*  mutation  results  in
a  premature  stop codon  within  its  kinase  domain,  associ-
ated  to more  aggressive  tumours,  shorter  progression-free
survival  and  overall  survival.1,3 Additionally,  this  mutation
has  been  associated  with  significantly  shorter  time  on  PD-
1/PD-L1  blockade  therapy  in NSCLC  (or  even  resistance),3

possibly  by  reducing  density  of  tumour  infiltrating  cyto-
toxic  CD8+T  lymphocytes.5 Despite  the  STK11  mutation,  our
patient  presented  a  long  survival  and  a  clinical  benefit  from
immunotherapy,  as  well  as  from  thoracic  radiotherapy  and
its  possible  abscopal  effect.

Funding

This  research  did  not receive  any  specific  grant  from  funding
agencies  in the public,  commercial,  or  not-for-profit  sectors

Conflicts of  interest

The  authors  have  no  conflicts  of  interest  to  declare.

References

1. Pécuchet N,  Laurent-Puig P, Mansuet-Lupo A, Legras A, Alifano

M,  Pallier K, et al. Different prognostic impact of  STK11 muta-

tions in non-squamous non-small-cell lung cancer. Oncotarget.

2017;8:23831---40.

2.  Vogt A, Schmid S,  Heinimann K, Frick H, Herrmann C, Cerny T,

et al. Multiple primary tumours: challenges and approaches, a

review. ESMO Open. 2017;2:e000172.

3.  Skoulidis F,  Goldberg ME, Greenawalt DM, Hellmann MD, Awad

MM, Gainor JF, et  al. STK11/LKB1 mutations and PD-1 inhibitor

resistance in KRAS-mutant lung adenocarcinoma. Cancer Discov.

2018;8:822---35.

4.  Ji H, Ramsey MR, Hayes DN, Fan C, McNamara K, Kozlowski P,

et al. LKB1 modulates lung cancer differentiation and metastasis.

Nature. 2007;448:807---10.

5.  Koyama S, Akbay EA, Li YY, Aref AR, Skoulidis F,  Herter-Sprie

GS, et al. STK11/LKB1 deficiency promotes neutrophil recruit-

ment and proinflammatory cytokine production to suppress

T-cell activity in the lung tumor microenvironment. Cancer Res.

2016;76:999---1008.

I.  Domingues a,∗,1, S.  Cedresb,  A.  Callejob,  A.  Vivancos c,
A.  Martinez-Martib, E. Felipb

a Medical  Oncology  Department,  Portuguese  Institute  of

Oncology  of  Coimbra,  Coimbra,  Portugal
b Medical  Oncology  Department,  Vall  d’Hebron  University

Hospital  and Vall d’Hebron  Institute  of  Oncology  (VHIO),

Barcelona,  Spain
c Cancer  Genomics  Group,  Vall  d’Hebron  Institute  of

Oncology  (VHIO),  Barcelona,  Spain

∗ Corresponding  author.
E-mail  address:  isabelcpdomingues@gmail.com
(I. Domingues).
Available  online  7  August  2019
1 Permanent  address.

https://doi.org/10.1016/j.pulmoe.2019.05.002

2531-0437/

©  2019 Sociedade Portuguesa de Pneumologia. Published by

Elsevier España, S.L.U. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Mutational profile of non-small cell
lung  cancer patients: Use of
next-generation sequencing

Lung  cancer  has  the  highest  incidence  and  mortality
worldwide.1 Nowadays  target  therapy  is the  first  line  therapy
in  metastatic  non-small  cell  lung  cancer  (NSCLC)  in patients
with  target  mutations.2,3 Next-generation  sequencing  (NGS)
permits  simultaneous  reading  of  DNA  sequences,  with  deep
sequencing,  allowing  for  the detection  of  genetic  variants
that  occur  at  low  percentages,4 in a short  period  of  time
and  with  relatively  low cost.5

The  aim  of  this study  was  to  evaluate  the  mutational  pro-
file  in  patients  with  NSCLC,  diagnosed  in a Tertiary  Hospital,
which  performed  molecular  testing  by  NGS.

We  carried  out a retrospective  review  of 204  patients
with  NSCLC  who  performed  NGS  in  the Thoracic  Tumors

Multidisciplinary  Unit of  Vila  Nova  de Gaia-Espinho  Hospi-
tal  Center  between  April  2016  and May 2018.  We  included  in
our  study  only patients  with  at least  one  mutation  identified
by  NGS.  Sociodemographic  and  clinical  data  were  retro-
spectively  reviewed  from  clinical  files.  Descriptive  statistics
were  used to  analyze  patient’s  characteristics.

Our NGS  technique  include  the ‘‘Oncomine  Solid  Tumor
DNA’’  and  the  ‘‘Oncomine  Solid  Tumor  Fusion  Transcript’’
panels  that  allow  for  the identification  of  variants  in the
genes  EGFR,  KRAS,  NRAS,  BRAF,  MET, ERBB4  (HER4),  ERBB2
(HER2),  ALK,  PI3KCA  and  PTEN  and  gene  rearrangements  in
ALK,  ROS1 and  RET.  This  NGS  technique,  developed  and  vali-
dated  by  IPATIMUP  Diagnostics,  allowed  us,  with  a  sensibility
>99%,  to  detect  nucleotide  substitutions  with  allelic  fraction
>5%  and  rearrangements  in  1% of  the  RNA,  in samples  with
more  than  20%  of  neoplastic  cells.

As  a  result,  of  the  204  patients  with  NSCLC  who  per-
formed  NGS  121  (59%)  had  some  mutation  and therefore
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Figure  1  (A) Prevalence  of  mutations  in  all NGS  patients;  (B)  prevalence  of mutations  in NGS  positive  patients;  (C)  prevalence

of druggable  mutations  in  NGS  positive  patients  (off-label  regimen  in case  of  MET,  RET  and  ERBB2  mutations);  (D)  prevalence  of

treated mutations  in NGS  positive  patients.  KRAS  (n  = 48);  EGFR  (n  = 47);  ERBB2  (n  = 11);  MET  (n  = 9); BRAF  (n  = 9);  ALK  (n  = 9);  PI3KCA

(n =  8);  ROS  (n  =  3);  RET  (n  = 2); PTEN  (n  = 2);  ERBB4  (n  =  1).

were  included.  Patients  were  mostly  male  (n = 71; 58.7%),
with  a  mean  age  of  66  ±  10  years-old.  Most  patients  were
smokers  (n  =  36;  30%)  or  former  smokers  (n  =  44;  36%)  and had
a  performance  status <2 (n =  103;  85%).  NGS  was  performed
prior  to  any  line  of  treatment  in 109 patients  (90%).  For
the  remaining  10%  of  patients  (n  =  12)  NGS  was  performed
in  the  course  of  the disease,  after  one  or  more  lines  of
treatment.

Adenocarcinoma  was  the  most  frequent  histological  type
(n  = 110;  90.9%).  Others  histological  types  were:  squamous
cell  carcinoma  (n  =  5;  4.1%),  NSCLC  not otherwise  specified
(n  = 5;  4.1%)  and  large  cell  neuroendocrine  lung  carcinoma
(n  = 1;  0.8%).

According  to  TNM  Staging,  most  patients  were in stage
IVB  (n  =  34;  28.1%)  or  stage  IVA  (n =  33;  27.3%)  when  NGS  was
performed.

In  the  121  patients,  149  mutations  were  identified
(Fig.  1).  The genes  more  frequently  mutated  were  KRAS
(n  = 48)  and  EGFR  (n = 47). Overall prevalence  of each
mutation  in patients  who  performed  NGS  are  also  presented
in  Fig.  1.

More  than one  mutation  was  identified  in 21  patients
(17.3%):  4 patients  had  3 concomitant  mutations  and  2
patients  had  4  concomitant  mutations  (Table  1).  Of  those
patients,  just  one  single  case  was  treated  with  target  ther-
apy,  after  analysis  of the mutational  profile  and  the allelic
frequencies  of  each  mutation.  For  this  case,  the tyrosine

kinase  inhibitor  was  chosen  based  on  the  two  mutations  with
higher  allelic frequencies.

Target  therapy,  as  first  line  treatment,  was  started  in 30%
of  stage IV  patients  (n  =  20):  erlotinib  (n = 8),  gefitinib  (n  =  3),
afatinib  (n  =  3),  crizotinib  (n = 2),  erlotinib  + bevacizumab
(n  = 2),  alectinib (n  =  1)  and  dabrafenib  + trametinib
(n = 1).

Target  therapy  has  become  the  first  line  of  treatment
in  patients  with  metastatic  NSCLC  with  target  mutations.
Until a few years  ago,  single  gene  analysis  methods  were
the  main  option  for  performing  mutational  profile  analy-
sis.  However,  this technique  is  time  consuming  and  requires
a  large amount  of  tumor  DNA,  which  may  not  be  avail-
able. NGS  has  become  an alternative  because  it enables  a
simultaneous  multiple  gene  analysis,  using  less  DNA  and  is
a  quick  and  cost-effective  technique.  In the present  study,
59%  of patients  that  performed  NGS  presented  a molec-
ular  variant  in the genes  of  our  NGS  panel  which  made
allowed  us  to  start  first  line  target  therapy  in 30%  of stage  IV
patients.

In  our study,  many  tumors  had  more  than  one mutation,
with  6  patients  having  more  than 3 concomitant  muta-
tions,  which  is  rarely  described  in the  literature.  More
than  one  patient  had  2 or  3 mutations  identified  in the
same  gene  and  there  were  patients  with  more  than  one
mutation  suitable  for  target  therapy.  This  was  detected
because  sensitivity  obtained  by  NGS  is  superior  to  the previ-
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Table  1  Concomitant  mutations  and  treatment  decision.

Concomitant  mutations  Stage  Treatment

decision

KRAS  (exon  2; AF 59%)  + EGFR  (exon  21;  AF  3%) IVA  Chemotherapy

KRAS (exon  2; AF 18%)  + ERBB2  (exon  21;  AF 4%)  IA  Surgery

KRAS (exon  2; AF 57%)  + ALK  (exon  11;  AF  43%)  IVB Best  supportive

care

KRAS (exon  2; AF 43%)  + MET  (exon  14  skipping)  IVB Immunotherapy

KRAS (exon  2; AF 15%)  + MET  (exon  16;  AF  7%) IB Surgery

KRAS (exon  2; AF 30%)  + MET  (exon  2;  AF 35%)  IVB Chemotherapy

KRAS (exon  2; AF 33%)  + PI3KCA  (exon  10;  AF 15%) IVA Chemotherapy

KRAS (exon  2; AF 42%)  + PI3KCA  (exon  14;  AF 3%) IVB  Death  before

decision

KRAS (exon  2; AF 8%) +  BRAF  (exon  11; AF 6%)  IVA  Best  supportive

care

EGFR (exon  19;  AF 8%)  +  MET  (exon  14;  AF not  available)  IVB Death  before

decision

EGFR (exon  21;  AF 11%)  + ERBB2  (exon  21;  AF 19%)  IA  Surgery

EGFR (exon  19;  AF 14%)  + EGFR  (exon  21;  AF  12%)  IIIA  Surgery

EGFR (exon  21;  AF 28%)  + PI3KCA  (exon  6; AF26%)  IIA  Neoadjuvant

chemother-

apy  +  surgery

ERBB2 (exon  21;  AF 6%)  + ERBB2  (exon  21;  AF 9%) IVA  Chemotherapy

ALK (rearrangement)  +  MET  (exon  14;  AF  not  available)  IB Stereotactic

radiotherapy

MET (exon  2; AF  44%)  +  ERBB2  (exon  20;  AF 9%)  +  PI3KCA  (exon  10;  AF  21%) IVA  Chemotherapy

KRAS (exon  3; AF 30%)  + ERBB2  (exon  20;  AF 4%)  +  ERBB2  (exon  21;  AF 7%) IVB  Chemotherapy

EGFR (exon  21;  AF 20%)  + EGFR  (exon  20;  AF  5%) + ROS  (rearrangement) IA  Stereotactic

radiotherapy

EGFR (exon  19;  AF 47%)  + EGFR  (exon  20;  AF  6%) + EGFR  (exon  21;  AF  67%) IVA Erlotinib

KRAS (exon  2; AF 23%)  + EGFR  (exon  21;  AF  8%) +  ERBB4  (exon  15;  AF

4%) +  MET  (exon  2; AF  7%)

IVA Chemotherapy

KRAS  (exon  4; AF  6%)  + EGFR  (exon  20;  AF 3%)  +  MET  (exon  19;  AF 4%)  + PTEN

(exon 8;  AF 22%)

IVB  Best  supportive

care

AF: allelic frequency.

ous  molecular  techniques,  making  possible  the detection  of
genetic  variants  that  occur  at  low percentages.  This  muta-
tional  profile  with  concomitant  mutations  probably  reflects
tumor  heterogeneity  and  can  help  us to  personalize  the
therapeutics  but,  at same  time,  makes  the therapeutics
decisions  more  difficult  in patients  with  more  than  one
mutation.

Our  study  is  the  first  presentation  of  NGS  data  in Portu-
gal.  Since  is  a  retrospective  single  center  study,  the sample
is  relatively  small.  It  might  be  interesting  to  create  a multi-
center  database  to  provide  a registration  of the  Portuguese
NSCLC  mutational  profile.

In  conclusion,  the  use  of  NGS  has  been  increasing  and
has  allowed  us to  evaluate  more  accurately  the muta-
tional  profile  of  the  tumors  and  detect  genetic  variants
that  occur  at low percentages.  This  allows  for  the use
of  already  approved  target  therapy  or  the  integration
of  patients  into  clinical  trials.  On the  other  hand,  the
detection  of  concomitant  mutations  makes  the  therapeu-
tic  decisions  in patients  with  NSCLC  even  more  complex  and
challenging.
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Long-life relationships always bring
trouble

A  58-year-old  woman,  a butcher  from  her  youth  and  a
history  of  hemoptysis  related  to  respiratory  infection  at
the  age  of  30,  was  admitted  into  Intensive  Care  Unit
for  life-threatening  hemoptysis  and  respiratory  hypoxemic
insufficiency.  The  bronchoscopy  identified  bleeding  coming
from  the  lower  right  lobe  with  an incipient  clot.  Comput-
erized  thoracic  tomography  revealed  ground  glass  opacities
in  the  middle  and  lower  right  lobes,  probably  indicative  of
blood  filling  alveoli.  She was  extubated  24  h  later  and  con-
tinued  on  antittussive  treatment  and  amoxicillin/clavulanic
acid  until  hemoptysis  diminished  in  the  following  days.  It
was  assumed  that  the risk  of  life-threatening  rebleeding  was
high,  so  bronchial  arterial  embolization  was  performed.  The
arteriography  detected  the  presence  of  a fistula  connect-
ing  right  bronchial  (Fig.  1A)  and  pulmonary  arteries  and  it
was  occluded  with  bead-block  particles  of  500---600  �m.  The
subsequent  control  demonstrated  flow  extinction,  the fis-
tula  was  completely  blocked  (Fig.  1B). A week  later,  in the
absence  of  hemoptysis,  the  patient  was  discharged.

Figure  1  Description.  Angiography  preprocedure  (A)  shows  hypertrophy  of  right  bronchial  artery  and  the  presence  of  a  fistula

between bronchial  artery  and  pulmonary  artery.  Angiography  postprocedure  (B)  shows  the absence  of  flood  to  pulmonary  artery.

Arterial  malformations  are commonly  found  in angiogra-
phy  conducted  in hemoptysis.1 Cases  of  systemic-pulmonary
circulation  shunts  have  been  reported  within  parenchy-
mal  lung  involvement,  mostly  due  to  bronchiectasis2 or
tuberculosis  sequelaes,3 and  rarely  due  to  hereditary
haemorragic  telangiectasia.4 We  present  an  elderly  woman
with  a  congenital  brochial-pulmonary  artery fistula  and life-
threatening  hemoptysis,  who  was  embolized  with  inmediate
successful  angiographic  result.  Embolization  is  seen  as  a
safe  and  effective  treatment  for  life-threatening  hemop-
tysis,  recurrence  rates  depend  on  different  ethiologies.1

Our  patient  has  a considerable  risk  of  rebleeding,  that
may  lead  to  repeat  embolization  or  elective  surgery  in  the
future.
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