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The terms ‘operable’ and ‘resectable’

The GDC noted that these terms were used by some multidis-
ciplinary teams (MDTS}.ndicates that the primary
tumour can be completely excised by surgery with clear patho-
logical margins 'ndicates that the patient has an
acceptable risk of deathor morbidity. These terms are useful to
focus attention on these aspects of surgical treatment. However,
MDTs and patients may have different thresholds for operability
and surgeons may have different thresholds for resection. What
is important is the parameters set to define thresholds and the
implication for the patient in terms of mortality and morbidity.
This guideline has therefore not used these terms but rather
addressed the thresholds, indicating where patient choice may
be pivotal
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+« EBUS if appropriate (category 2B) nodes .

+ PET/CT scanf Medically , Definitive RT

inoperable [see NSCL-Cl

+ PFTs (if not previously done)

+ Bronchoscopy

» Mediastinoscopy Positive

—+ |« EBUS if appropriate (category 2B) mediastinal

» PET/CT scan' nodes

» Brain MRI (Stage I,
Stage IB [category 2B])

Stage |IB (peripheral T2a, NO)
Stage | (central T1ab-T2a, NO)

Stage Il (T1ab-2ab, N1; T2b, N0)
Stage IIB (T3, NO)©

“T3, NO related to size or satellite nodules.

fPositive PET/CT =can findings nesd pathologic or other radiologic confimation. If PETICT scan positive in the mediastinum, lymph node status nesds pathologic
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Superior sulcus tumor ————— See Treatment (NSCL-5)

« PFTs (if not previously done)
» Bronchoscopy
« Mediastinoscopy or EBUS Chest wall * See Treatment (NSCL-5)

Stage B (T3 invasion, NO) « Brain MR

Stage A& (T4 extension, |—*|s MRI of spine + thoracic inlet
MO-1; T3, N1) for superior sulcus lesions
abutting the spine or

subclavian vessels
« PETICT scanf

Proximal airway
or mediastinum

* See Treatment (NSCL-5)

Metastatic disease ————* | solitary site (NSCL-11) or

disseminated (NSCL-13)

fPositive PETICT scan findings need pathologic or other radiclogic confirmation. If PETICT scan positive in the mediastinum, lymph node status needs pathologic
confirmation.

Haote: All ecommendations are G&tﬁﬂﬁ y 2A unless otherwise indicated.
Clinieal Trials: NCCN believes that the best management of any cancer patientis in a dinical trial. Participation in clinical trials is especially encouraged.
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PET-CT simulation and planning




PET/CT

« PET/CT scans can play a role in the evaluation and
more accurate staging of NSCLC

« Mediastinoscopy remains the gold standard for staging
the mediastinum

- Positive PET/CT scan findings need pathologic or other
radiologic confirmation (for example, MR of bone). If the PET/CT

scan is positive in the mediastinum, the lymph node status
needs pathologic confirmation.

— PET may be used to direct lymph node biopsies of the
mediastinum
« PET/CT may also pick up additional unsuspected
metastatic lesions
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Table 1

Role of commonly used imaging modalities in the diagnosis and staging of patients suitable for radical treatment

Imaging

modality  Diagnosis

T stage

N stage

M stage

Comment

Chest x-ray Often included as part of initial
investigation in primary care
and useful to differentiate

benign from malignant disease

Often helpful to differentiate
benign from malignant disease

Mot currently performed for
initial diagnostic purposes

Limited information compared
with MDCT

Able to measure tumour size
accurately. Less reliable for
distinguishing T3 from T4; 55%
sensitivity, 89% specificity
(axial CT)

Complements MOCT and can
help estimate tumour extent
where tumour abuts abnormal
tissue (eq, lobar collapse)

Provides little information

Significantly enlarged nodes
(=10 mm short axis) easily
defined. However, about 40%
of these are benign and 20% of
nodes <10 mm are malig-
nant."”

Sensitivity 57—61%, specificity
719-82%" "

Mare accurate than CT.
Sensitivity 84%, specificity
89%. Further mediastinal
sampling deemed unnecessary
if PET negative and nodes

<1 cm.T 10% will have occult
disease'”

Obvious metastases may be
visible {eg, lung or rib)

May show clear evidence of
mediastinal invasion or
metastatic disease but
histological confirmatian or
further staging required if any
doubt

Sensitivity and specificity to
detect distant metastases 93%
and 96%, respectively. May
detect metastases in up fo
15%. Sensitivity for brain
metastases only 60%' %'

Now sometimes omitted from
investigation pathway if other
presenting factors suggest
cancer®

Provides excellent triage of
patients by identifying clear
evidence of cancer, no
evidence of cancer = other
diagnoses or uncertainty.
Guides the next test. May
detect other significant
coexistent disease

Also useful in radiotherapy

planning and may have a role in
predicting outcome' '

*¥Careful review of serial changes may help differentiate benign from malignant disease.
1The prevalence of false negatives increases with later stage disease.
MOCT, multidetector computed tomography; PET-CT, positron emission tomography-computed tomographyc.
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Multi-detector
CT

-

Significantly enlarged
mediastinal nodes (1cm
short axis)?

Radical treatment depends
an nodal status (see text and”)

.T.

Yes w

Consider PET-CT to guide
samplingt Choose between:
MNeck USS biopsy, TBNA, EBUS or

EUS guided TBMA ve
further

nodal
e disease

b

Mediastinoscopy
r

FPET-CT

Modal status
+ve distant does not

metastases influence
treatment

F h X ¥

Palliative treatment Radical treatment
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1.2.7 Open and close thoracotomy
[n the UK, open and close thoracotomy rates have been steadily
declining from more than 20% in the early 1980s to a national
average of approximately 6% in 2005.7°™* This has been
attributed to improvements in preoperative imaging and hence
case selection. While the declining proportion represents an
improvement, a reduction to 0% would imply extreme case
selection, and patients who may be technically surgically resect-
able would be denied the opportunity for surgery, especially where
there are difficulties in differentiating between T3 and T4 (section
1.1.1.2). The current national average 1s appm:{imatel
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SECTION 1: SELECTION OF PATIENTS FOR
RADICAL TREATMENT

1.1 Diagnosis and staging

1.1.1 Imaging

1. Wiew all available historical images at the onset
of the diagnostic pathway and review them prior to
treatment. [C]

2. Ensure contemporaneous imaging is available at
the time of radical treatment. [C]

3. Ensure a CT scan that is <4 weeks old is available
at the time of radical treatment of borderline
lesions. [ID]

4. Arrange a CT scan of the chest, lower neck and
upper abdomen with intravenous contrast medium
administration early in the diagnostic pathway for
all patients with suspected lung cancer potentially
sajitable for radical treatment. [C]

‘woid relying on a CT scan of the chest as the
ole inwvestigation to stage the mediastinal lymph
agdes. [B]

nsure positron emission tomography (PET)-CT
Canning is available for all patients being considered
for radical treatment. [B]

7. Offer radical treatment without further medias-
tinal lyvmph node sampling if there is no significant
uptake in normal sized mediastinal lymph nodes on
PET-CT scanning. [C]

8. Evaluate PET positive mediastinal nodes by
further mediastinal sampling. [C]

9. Confirm the presence of isolated distant
metastases/synchronous tumours by biopsy or

further imaging in patients being considered for
radical treatment. [C]

10. Consider MRI or CT scanning of the head in
patients selected for radical treatment, especially in
stage I disease. [C]

[1. Evaluate patients with features suggestive of

intracranial pathology by an initial CT scan of the
head followed by MRI if normal or MRI as an
initial test. [C]

12. Biopsy adrenal lesions that show abnormal
uptake on PET-CT scanning before radical treat-
ment. [D]

[3. RR The role of PET-CT scanning in patients
with small cell lung cancer considered suitable for
radical treatment should be evaluated in clinical
trials.
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m Tumor < 3cm in greatest dimension,
surrounded by lung or visceral pleura @,
without bronchoscopic evidence of invasion
more proximal than the lobar bronchus
[ i.e. not in the main bronchus]* &

T1a: Tumor = Z2cm in greatest dimension

T1b: Tumor > Z2cm but = 3ocm in greatest
dimension
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m TuMmor > 3cm but = Zocrm &

or = tumorwith ang of the following features
[TZ2 tuMmors with these features are classified
T2a if = Scrm )

m Inwvades visceral pleura €

m Associated with atelectasis or obstructive
pneumonitis thhat extends to the hilar regcion
but does not involve the entire lung €

m nwvolves main bronchus, = 2cm distal
to the carina &»

T2a: TumMmor > Focm but = Som i greatest
dimension

TZ2b: TuMmor > S5cm but = Yom in greatest
dimension
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m Tumor > Yom in ereatest dimension

ar = tumor in the main bronchus < 2ocm distal
to the carina € but without involvement
of thhe carina

or = gssociated atelectasis or obstructive
pneumonitis of the entire lung &

or = tumor of any size with separate tumor
nodule([s] in the same lobe €)»



International Association for the Study of Lung Cancer

TNM Stage Grouping Table

T and M MNO N1 M2 N3

6th edition TNM Endydize Ll Stg Stg Stg Stg
TMNM

T1 (==2cm) T1a 1A A A e
T1(>2 — 3 cm) T1b 1A A A e
T2(==5cm) T2a ] = 1A IlIE LA e
T2 (=>5-Fcm) T2Z2b InHA IB ne A e
T2 (=7cm) 1B IB HIA IIEB A e
T3 invasion T3 Ine A A e
T4 (same lobe nodules) 1B B HIA IHNE [ 1HHA IIB e
T4 (extension) A e | HIA 1B g e
M1 (ipsilateral lung) T A Iv A IV e v e v
T4 (pleural effusion) IVvIiNneg | IVIIEB | IVIHIEB | IVIIEB
M1 (contralateral lung) Mia AT v A% v
M1 (distant) M1b AV v AY v

[[] €hanage in Classification with 7th editicon
of TR in BOLD and ath editicon in red
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« Male 190cm tall
FEV,: 1.51t =
32% pred

e Female 160cm
- FEV,:1.5lt=
/1% pred

Patients with normal FEV1 may present with decreased DLCO

Ferguson MK, Vigneswaran WT. Diffusing capacity predicts morbidity after lung resection in patients without

obstructive lung disease. Ann Thorac Surg 2008; 85: 1158-1164.




AIAXYTIKH IKANOTHTA NMNEYMONQN (DLCO)

oUs GgsudyUUUs g U ([@isaJd
" 3 Ug easBalelUes ¢ e DUCH §830%
pred

intaratiie * Tiuég DLCO <50% ka1 >60% pred €xouv
Space TepleyxelpnTikn Ovnrotnta 13% kai 3%, avtioToixa

 Emoupévwe n DLCO aTtroTeAei avecapTnto
TTPOYVWOTIKO TTAPAYOVTA TNG METEYXEIPNTIKNG
BvntéTnNTaC.
D. Subotic. Breathe 2009;6:127-139

« Agv ouvdéeTal Je augnon KivOUuvwy (yia
TTveupovekToun) Tiu Tng DLCO >80% pred

e 2NMavTIKOTEPN, W¢ TTPo¢ TNV DLCO @aiveTal n
TTpoPAetTopevn peteyxelpnTikl DLCO (predicted
postoperative, ppo-DLCO

* Tiuég ppo-DLCO <40% A augnuévn Bvntotnta

Datta D, Lahiri B. Chest. 2003 Jun;123(6):2096-103.
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V’Oz2max >
20 ml/kg/min

 V'O2max > 20 ml/kg/min A xaunAou KivdUuvou acBevric
* 10 ml/kg/min < V'O2max < 20 ml/kg/min A &vdidueoou KIivOUvou aoBevig
 V'O2max < 10 mli/kg/min A uywnAou KIvduvou acBevig

Beckles MA, Spiro SG, Colice GL, Rudd RM; (ACCP). Chest. 2003 Jan;123(1 Suppl):105S-114S.
Cottrell JJ, Ferson PF. Clin Chest Med 1993;13(1):47-53
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a
e ATAA paBnuaTikh péBodog ppo- FEV1=FEV1 (1- E)
e 2TTIVONpoypagikn pEBodoc

ppo FEV,
pp DLCO
pp V'O, max



Box 2 Calculation of predictive
post operative (ppo) forced
expirato volume in 1 s
(FEV1),6K diffusing capacity of
the lung for carbon dioxide
(DL.co) or maximal oxygen
uptake (V'oz,max)

Calculation of ppoFEW1 is taken as a model.
Similar eguations are used for the calculation
of ppoOLCco or ppoV’o.max, and include pre-
operative DL,CcOo or WO, max, respectively

For ppoFEWV1 before lobectornmy, the calcula-
tion iIs based on the segment counting
method, as followwes.

MNumber of functional segments: 19
Right Iung: Left lung:
- Upper lobe: 3 - Upper lobe:
= MMiddle lobe: 2 * Lingula: 2
= lower lobe: S =  Lower lobe:

ppoFEV1 —preogperatve FEV1 =< (1 - a'Bb)

where o is the number of wunobstructed
segments to be resected and & is the total
number of unobstructed segments. An unob-
structive segment is defined as one where the
patency of the bronchus and the segment
structure are preserved, according to broncho-
scopy and computed tomograplny (CT) scan.

For ppoFEV1T before prneumonectormy, the
calculation is based on santigraphy or
guantitative CT scan, as followrs.

ppoFEV1 —preoperative FEWV1 = (1 - FP)

where FP is the fraction of total perfunsion for
the lung to be resscted.




Low-Technology Exercise Tests

6MWT:

The distance walked DOES NOT correlate with the V'0, max in all
patients

Post-operative complications have been found to be associated with the
distance walked in SOME but not all studies

Shuttle Test:

Good corellation between the distance walked during a shuttle test & V'0,
max

ERS/ESTS: CPET in patients walking<400m
BTS: CPET in patients walking>400m correlates with good function

Stair Climbing Test:

Climbing>22m demonstrates V'0, max>15ml/min/kg
Speed>15m/min correspondes V'0, max>20ml/min/kg
ERS/ESTS: CPET in patients climbing <22m



Diagnosis and Management of Lung Cancer
Executive Summary: ACCP Evidence-Based
Clinical Practice Guidelines (2nd Edition)

vwW. Michael Alberts

Chest 2007:;132:1-19
DOl 10.1378/chest.07-1860

Physiologic Evaluation of the Patient With

Lung Cancer Being Considered for
Resectional Surgery : ACCP
Evidenced-Based Clinical Practice
Guidelines (2nd Edition)

Gene L. Colice, Shirin Shafazand, John F. Griffin, Robert Keenan and
Chrns T. Bolliger
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CInexplaimned dyspnea
or dilfTuese parenchyvimal
discasce o CXIRMCT?

T s
[
Micasuare LI OO0 -
Estimate 2hppso
DDLCO == B0 DIL;S[? c:_:dsgngr;.. FE%); and SGppo
predicted s ki [ O
Toppao FE™SN) and YoppoalF EN or YoappoelF EW, = 30 or
Tappeey Dy 20 = Poppa DO =< LohppolF W, =
“n “pn Lol IOy =
1 &S0
Performm CPET
Il ! I
T P T S O armrass 10- RV TP R T
15 ml'k g/ i 15 mlfkgdmin 10 ool odrmi
Moverage Risk Increasaed Inoreassed
Fa=lk Fai=k

FrourE 1. Freoperative physiologic assessment of perioperative risk., XN FR — chest radiograph.




SUMMARY OF RECOMMENDATIONS

l. It is recommended that patients with
hng cancer be assessed for curative surgi-
cal resection by a multidisciplinary_team.
which includes a thoracic surgeon specializ-
ing in lung cancer, a medical oncologist, a
radiation oncologist, and a pulmonologist.
Grade of recommendation, 1C

2. It is recommended that patients with
hmg cancer not be donied lung resection
surgery on the grounds of age alone. Grade
of recommendation, 1B

3. It is recommended that patients with
hmg cancer who are being evaluated for
surgery and have major factors for in-
creased perioperative cardiovascular risk
have a preoperative cardiologic evaluation.
Crade of recommendation, 1C




4. In patients being considered for hmg
cancer resection, spirometry is recom-
mended. If the FEV, is > 80% predicted or
> 2 L and there is no evidence of either
undue dyspnea on exertion or interstitial
g disease, the patient is suitable for re-
section including pnenmonectomy without
a further physiologic evaluation. If the
FEV, is > 1.3 L and there is no evidence of
either undue dyspnea on exertion or inter-
stitial hmg disease, the patient is suitable
for a lobectomy without further physiologic
evaluation. Grade of recommendation, 1C

3. In patients being considered for hmg
cancer resection, if there is evidence of
either undue dyspnea on exertion or inter-
stitial lung disease. even though the FEV,
might be adequate, measuring Duco is rec-
ommended. Grade of recommendation, 1C




. In patients being considered for hmg
cancer resection, if either the FEV, or Duco
are < 80% predicted, it is recommended
that postoperative lung function be pre-
dicted through additional testing. Grade of
recommendation, 1C

7. In patients with lung cancer who are
being considered for surgery, either an

FEV, of < 40%PPO or a Dwco of
< 40%FPPO indicates an increased risk for
perioperative death and cardiopulmonary
complications with standard lung resection.
It is recommended that these patients un-
dergo exercise testing preoperatively, Grade
of recormnmendation, 1C




5. In patients with g cancer who are
being considered for surgery, either a prod-
uct ul wPPO l'l"ip' -.II'|[| i I’I"l’.ll| IJLm of
< | G ol =
indicates an increased risk for perioperative
death and cardiopulmonary complications
with standard hmg resection. It is recom-
mended that these patients should be coun-
seled about nonstandard surgery and non-
operative treatment options for their lung
cancer. Grade of recommendation, 1C

9. In patients with lung cancer being con-
sidered for surgerv, a Vo,max of < 10 mL/
kg/min indicates an increased risk h.rl peri-
operative  death and cardiopulmonary
complications with standard lung resection.
These patients should be counseled abowt
nonstandard surgery and nonoperative
treatment options for their hmg cancer.
Grade of recommendation, 1C




1. Patients with lung cancer being con-
sidered for surgery who have a Vo,max of
< 13 mLke/min and both an FEV, and a
Dico of < 40%PPO are at an increased risk
or perioperative death and cardiopulmo-
nary complications with standard lung re-
secton. It is recommended that these pa-
ients be counseled about nomstandard
surgery and nomoperative treatment op-
tioms for their hmg cancer. Grade of recom-
mendation, 1C

11. Patients with lung cancer being con-
sidered for surgery who walk < 25 shuttles
om two shuttle walks or less than one {li;
ol stairs are al Increased risk Tor perfoper-
attve death and cardiopulmonary complica-
tions  with standard lhmg  resection.
Thesepatients should be counseled about-
nonstandard  surgery and nonoperative
treatment options for their hmg cancer.
Crade of recommendation, 1C




12. In patients with lung cancer who are
being considered for surgerv, a Paco, of
=43 mm Hg is not an independent risk
factor for increased perioperative complica-
tioms. However, it is recommended that
these patients undergo further physiologic
testing. Grade of recommendation, 1C

13. In patients with lung cancer who are
being considered for surgerv, an Sao, of
< 90% indicates an increased risk for peri-
operative complications with standard lung
resection. It is recommended that these
patients undergo further physiologic test-
ing. Grade of recommendation, 1C




[4. In patients with very poor ]uug fune-
tion and a lung cancer in an area of upper
lobe emphysema, it is recommended that
combined LVRS and lung cancer resection
be considered if both the FEV, and the
Dico are > 20% predicted. Grade of recom-

mendation, 1C

15. It is recommended that all patients
with lung cancer be counseled regarding
smoking cessation. Crade of recommendation,
1C
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Risk assessment for surgery

i
"

—

—

Post-operalive Peri-operative Paost-operative
cardiac event death dyspnoea

ACC/IAHA® risk . - Dynamic |I:.I ng volumes,
stratification | transfer factor
+- cardiology revies +F- split function testing
"see texl

Address any potentially modifiable risk factors & reassess

Does the patient accept the risk in each category +/- potential impact on lifestyle?
Exclude surgery from Offer surgery as part of multi-modality
multi-modality management

Figure 2 Tripartite risk assessment. ACC, American College of
Cardiology; AHA, American Heart Association.
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Risk assessment for post-treatment dyspnoea
Spirometry and transfer factor

Low risk Moderate to high risk?

ppoF EV1240% and ppoFEV1 <40% and /
ppo TLeoz 40% or ppo TlLeo <40%

Functional assessment

Moderate ! poor

High risk?

) _ _ Patients need to be informed of high
Patients need to be informed of risk of risk of severe post-operative dyspnoea

mild-moderate post-operative shortness and / or long term oxygen therapy with
of breath with surgery or radiotherapy surgery or rgadw

Moderate risk

1. Consider split lung function testing for patients in this group if there is any
suspicion of a ventilation perfusion mismatch (e.g. compression of a pulmonary
artery or marked emphysema in the lobe with cancer) to allow more accurate
estimation of post-operative values,

2. Patients in this sub=group are at high risk of ventilator dependency after surgery.
It is important to ensure that criteria for LVRS have been considered as lung function
can improve in appropriately selected patients.




Evaluation for lung resection

Dryspriea on exertion
or CXR abnormal:
measure FEV1 and DLCO

3 i }

FEV1 and DLCO | | FEVI or DLCO FEV1 <80 percent FEV1 =280

280 percent <80 percent predicted: percent predicted
measure DLCO

Acceptable risk ‘ i l

F";E:";n:;fl;f;?'ﬂ DLCO <80 DLCO =80
percent predicted || percent predicted

alternate causes

of dyspnea
Use ventilation, perfusion, or CT scan to measure
percent contribution of lung to be resected

'

[calcutate pPO FEV1 and DLCO |

i

Minimal or no dyspnea:
measure FEV1

Acceptable risk
preumonectomy

Preoperative testing prior to pneumonectomy

Test

Preoperative FEV1

Value range for acceptable risk

>2 liters or = 80 percent predicted

Preoperative DLCO = B0 percent predicted

Predicted postoperative FEV1 = 40 percent predicted

PPO FEV1 230 percent
Yes + * No

PPO FEV1 x PO DLCO »1650 |

Yes ‘ Na

Consider other options

Predicted postoperative DLCO = 40 percent predicted

[ Consider ther optons Maximal VO2 during exercise = 15 mL/kg/minute

Both FEV1 + DLCO PPO FEVI oF DLCO PPO FEV1 and DLCO
PPO =40 percent <d4i) percent <40 percent

hcceptable risk nﬂ..-it-'r:tiunl | Perform CPET |

+ . }

W02 max
15 ml/kg/ min

V02 max <15,
210 ml/kg/min

V02 max
<10 mb/kg/min*

VO2 max
215 mb/kg/min

V02 max
<15 ml/kg/min

1

'

|

f

Increased risk;
unclear cholce

Consider other
aptions

Increased risk;
unclear choice

Consider other

options

Preoperative evaluation for lung resection
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Table 1 Cut-off values for lung function and exercise tests

Cut-off value Recommendation

Lung function and V0, max
FEV1 and DL,c0 =80% pred Resection up to pneumonectomy
V'02,max =>75% pred or >20 mL per kg per min Resection up to pneumonectomy

V'02,max <<35% pred or <<10 mL per min per kg High risk of complications
A pneumonectomy or a lobectomy are
usually not recommended

V'02,max 35-75% pred Calculate ppo values

ppo values
ppoFEV1 and ppolL,co =30% pred and V'02,max =35% pred  Resection up to pneumonectomy
ppoFEV1 or ppo V'02max <30% pred Calculate ppol/'02,max
ppol/02,max =35% pred or =10 mL per kg per min Resection up to pneumonectomy

ppol/02,max <35% pred or <<10 mL per kg per min High risk of complications
A pneumonectomy or a lobectomy are
usually not recommended

Modified from the European Respiratory Society/European Society of Thoracic Surgeons guidelines [4]. V0, max:
maximal oxygen uptake; FEV1: forced expiratory volume in 1 s; DL,co: diffusing capacity of the lung for carbon
dioxide; % pred: % predicted value; ppo: predicted post-operative value.




Cardiac assessment: low FEV1
- - >
risk or treated patient Both >80%

ElthEl one >80%

<35% or Exercise testing >75% or
<10mL per kg per min V02, max >20mL per kg per min

30-75% or
10-20 mL per kg per min

Spirit-function Both>30%
. pquEﬂ'l
* ppolL.co

At least one <30%
D | ppoVozmax |
olfoz,
<10mL per kg per min L =
>35%or
>10mL per kg per min

Lobectomy or pneumonectomy Resection up Resection up to
are u‘sual.l.y not rec?mmended; Eocalctiatetlextant pneumonectomy
consider other options

Figure 1
Algorithm for assessment of pulmonary reserve before major lung resection. Modified from [4].
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