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8 Thoracic surgery

Lung cancer resection in patients with
underlying usual interstitial
pneumonia: a meta-analysis

Akshay Jatin Patel,’ Gareth | Walters,"? Steven Watkins,® Vanessa Rogers,’
Hazem Fallouh,” Maninder Kalkat," Babu Naidu," Ehab S Bishay'

ABSTRACT

Objective Patients with lung cancer with underlying
idiopathic pulmonary fibrosis and usual interstitial
pneumonia (UIP) pattern on CT represent a very high-risk
group in terms of postoperative UIP acute exacerbations
(AEs) and in-hospital mortality. We sought to investigate
the outcomes in these patients.

Methods We carried out a meta-analysis, searching

four international databases from 1 January 1947 to

27 April 2022, for studies in any language reporting on

the acute postoperative outcomes of patients with lung
cancer undergoing surgical resection with underlying UIP
(the primary outcome). Random effects meta-analyses
(DerSimonian and Laird) were conducted. We analysed

the difference in incidence of postoperative AE as well

as the difference in long-term overall survival among
subpopulations. These were stratified by the extent of
surgical resection, with meta-regression testing (uniivariate
and multivariate) according to the stage of disease,
operative decision making and country of origin. This study
was registered with PROSPERO (CRD42022319245).
Results The overall incidence of AE of UIP postoperatively
from 10 studies (2202 patients) was 14.6% (random
effects model, 95% Cl 9.8 to 20.1, 1>=74%). Sublobar
resection was significantly associated with a reduced

odds of postoperative AE (OR 0.521 (fixed effects model),
95% C1 0.339 to 0.803, p=0.0031, [>=0%). The extent

of resection was not significantly associated with overall
survival following lung cancer resection in UIP patients (HR
for sublobar resection 0.978 (random effects model), 95%
€1 0.521 to 1.833, p=0.9351, >=71%).

Conclusions With appropriate implementation of
perioperative measures such as screening for high-risk
cases, appropriate use of steroids, antifibrotics and
employing sublobar resection in select cases, the risk of
local recurrence versus in-hospital mortality from AEUIP
can be balanced and long-term survival can be achieved in
a super-selected group of patients. Further investigation in
the form of a randomised study is warranted.

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a
specific form of chronic, progressive fibrosing
interstitial pneumonia.’ Usual interstitial
pneumonia (UIP) is the radiologic pattern
seen in patients with IPF. The hallmark of
this condition on histopathological criteria

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Patients with underlying usual interstitial pneumonia
who are undergoing surgical resection for early-
stage lung cancer represent a high-risk group for
perioperative complications.

WHAT THIS STUDY ADDS

= In a super-selected, appropriately investigated, and
preoptimised group of patients, anatomical lung
resection can be safely performed. Judicious use
of sublobar resection can be considered in small
cancers in patients deemed too high risk for formal
lobectomy.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= With the advent of worldwide screening incentives
for lung cancer, the incidence of this high-risk group
of patients is going to rise. Recent randomised data
(JCOG0802 and CALGB140503) has highlighted
the utility and drawbacks of segmental resection
in early-stage lung cancer. Further trial design and
subsequent policy change is of utmost importance
taking into account the data presented in this study
in order to appropriately manage this group of
patients.

is a low magnification appearance of patchy
dense fibrosis that results in lung paren-
chymal remodelling (affecting the subpleural
and paraseptal regions most severely), honey-
comb appearances and alternates with areas
of less affected lung tissue.! Median survival
in this group of patients without treatment
is 78 months, with a clear survival differ-
ence between usual pattern and non-specific
pattern fibrosis.” Lung biopsy is recom-
mended where there is uncertainty over
the diagnosis and when high-resolution CT
patterns are not firmly supportive, however,
any form of surgical intervention on severely
fibrotic lungs carries a risk of postoperative
acute exacerbation (AE) and mortality.

In non-small cell lung cancer (NSCLC)
patients who require a curative resection,
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the prevalence of IPF as an associated disease is 3.7%
as reported by the Japanese Association for Thoracic
Surgery.” Moreover, the same group conducts annual
surveys of the thoracic surgery practice nationally, in
2012, 26 079 patients underwent anatomical lobectomy
for lung cancer (73.1% of entire cohort), and AE of UIP
postoperatively was the leading cause of postoperative
mortality in this group. This was followed by pneumonia,
major cardiovascular event, bronchopleural fistulation
and respiratory failure.

AE of UIP in patients with lung cancer is a critical factor
in determining postoperative mortality. Groups have
reported up to 44% postoperative mortality rates in this
group of patients undergoing lung resection for cancer.”
This pattern has been seen following non-surgical inter-
ventions also, the incidence of severe radiation pneumo-
nitis and poor prognosis is significantly higher in this
group following Stereotactic Ablative Radiotherapy for
lung cancer.’ Although much of the work has been done
in IPF patients, UIP is the fibrosis associated with IPF and
we are going to use this term throughout the study.

In this study, we will seek to address the outcomes in
patients undergoing different types of surgical resection
with respect to acute in-hospital morbidity and mortality
and long-term overall and disease-specific survival. We,
thus, performed a meta-analysis of the best available
evidence. The current era is a suitable time to assess
this, given the rising rates of lung cancer detection
given worldwide screening incentives as well as recent
randomised data highlighting the utility and drawbacks
of segmental resection in early-stage lung cancer, the first
of its kind and the largest randomised trial in thoracic
surgery (JCOG0802).”

MATERIALS AND METHODS

Protocols and guidance

This study was performed in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA).® The protocol for this review was
registered with PROSPERO (CRD42022319245).

Inclusion criteria

We considered studies to be eligible if they enrolled
adults (>18 years old) undergoing lung cancer resection
in the presence of underlying UIP, whether this be the
primary group or indeed a specifically analysed subgroup
within the cohort. Studies that included comparative
data between extent of lung cancer resection as well
as reporting of disease-specific or overall lung cancer
survival. We included randomised studies, prospective
and retrospective cohort studies, cross-sectional studies,
case—control studies and registry data. Studies were
considered for inclusion on the basis of the following
criteria:

1. Reporting on surgical lung cancer treatment in adults

with underlying UIP.

2. Reporting on clinical outcome, not protocol or treat-
ment methodology alone (case reports excluded).
Studies containing duplicate data were excluded and
manuscripts with the best documented material reporting
on patient outcome were used in this review.

Exclusion criteria

We excluded studies if they were case reports; if partici-
pants were <18 years of age; if participants did not have
underlying UIP and if there was incomplete reporting on
outcome data including conference abstracts.

Outcomes

The primary outcome was the incidence of AE of UIP in
the postoperative period following lung cancer resection.
An AE was defined as per the standard criteria proposed
by Collard et al’; sudden acceleration of disease or acute
injury superimposed on already diseased lung in the
30-day postoperative period after having excluded infec-
tion, left ventricular failure, pulmonary embolism and
other identifiable causes of acute lung injury."” Secondary
outcome included overall survival.

Search strategy

We devised a systematic search algorithm (online supple-
mental figure 1) in order to interrogate the literature and
determine the optimal management for patients with
underlying UIP in need of lung resection. We searched
MEDLINE, EMBASE, LILACS and Cochrane Library
databases using the OVID interface. We reviewed articles
from 2000 onwards and restricted this to full-text papers
only. We did not impose any language restrictions. We
retrieved over 3000 articles (online supplemental figure
2, PRISMA flow chart) and screened 100 full-text arti-
cles, from which we determined 49 full-text articles to be
eligible for inclusion in this study. We deemed these to
represent the best evidence concerning the role of lung
resection with underlying UIP.

Study selection

After removal of duplicates, two independent reviewers
screened all titles and abstracts. Screening results from
both reviewers were compared, and where conflicts
arose, disputes were settled by discussion with the lead
authors. Full-text publications were retrieved for studies
deemed to be suitable.

Data collection process

A standardised, prepiloted form was used to extract data
from the included studies for the assessment of study
quality and for evidence synthesis. Extracted information
included study setting; study population and participant
demographics and baseline characteristics; details of the
intervention and type of surgery; study methodology;

2 Patel AJ, et al. BMJ Open Resp Res 2023;10:¢001529. doi:10.1136/bmjresp-2022-001529

1ybuAdoo
Ag pajoatold 1senb Ag £202 ‘Tz IMdy uo /wod fwg saidsaiuadolwg//:dny woly papeojumod €202 YoreW TZ U0 625T00-2202-dsallia/9eTT 0T se paysiignd 1siiy :say dsay uado [INg


https://dx.doi.org/10.1136/bmjresp-2022-001529
https://dx.doi.org/10.1136/bmjresp-2022-001529
https://dx.doi.org/10.1136/bmjresp-2022-001529
https://dx.doi.org/10.1136/bmjresp-2022-001529
http://bmjopenrespres.bmj.com/

outcomes and times of measurement; information for
assessment of the risk of bias.

Studies not meeting these criteria, or positively meeting
the exclusion criteria were not included in the analysis;
reason for exclusion was recorded. Discussion between
the reviewing authors was used to resolve conflicts in
paper exclusion; where necessary, final decision was
determined by consensus. As per the PRISMA guidance,
the selection process was fully documented.” " The char-
acteristics of studies included in the meta-analysis were
recorded (online supplemental table 2).

Risk of bias assessment

Two researchers (AJP and ESB) independently assessed
the quality of all included studies by using the Cochrane
Collaboration risk of bias tool."?

Data synthesis and analysis

We performed statistical analyses the Meta package in R
(V.4.0.3; R Project for Statistical Computing). Analyses
for all outcomes were conducted on an intention to treat
basis. We used ORs and HRs and their associated 95%
ClIs to assess outcomes and considered a p value less than
0.05 to be statistically significant. For those studies where
there was a difference in reference category, we manipu-
lated the data by taking the inverse of the HRs and CIs to
standardise the reference category for analysis purposes
(marked in online supplemental table 2). We assessed
heterogeneity using Q statistics and the I* test."” If signif-
icant heterogeneity was not present (I%<50%), we used
fixed effects models to pool outcomes; we used random
effects models when significant heterogeneity was
present (I>>50%). The possibility of small study effects
was assessed qualitatively by visual estimate of the funnel
plot and quantitatively by calculation of the Egger’s test."*

Weight Weight
Study Events Total (common) (random)
Chiyo 2003 9 36 1.7% 8.6%
lyoda 2011 5 22 1.0% 6.7%
Kawasaki 2002 14 54 2.5% 10.1%
Mizuno 2012 7 52 2.4% 10.0%
Saito 2011 10 28 1.3% 7.6%
Sato 2014 164 1763 79.9% 15.5%
Song 2020 7 92 4.2% 11.9%
Voltolini 2013 5 37 1.7% 8.7%
Watanabe 2008 4 56 2.6% 10.3%
Yano 2012 6 62 2.8% 10.6%
Total (fixed effect, 95% ClI) 2202 100.0% -
Total (random effects, 95% CI) ——  100.0%

Heterogeneity: Tau? = 0.0082; Chi? = 34.74, df = 9 (P < 0.01); I = 74%

Figure 1
interstitial pneumonia.

Subgroup analyses

Where there was significant heterogeneity (I>50%)
present, we conducted univariate and multivariate meta-
regression in order to determine the impact of various
factors on the true effect sizes seen. These included
country of study origin, stage of NSCLC and the deci-
sion making behind the extent of resection. This also
informed us whether there were significant interactions
to perform subgroup analyses.

Patient and public involvement

No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved
in developing plans for design or implementation of the
study. No patients were asked to advise on interpretation
or writing of results. The results will be disseminated
to a wide audience, including members of the public,
patients, health professionals and experts in the specialty
through social media and networks.

RESULTS
See PRISMA diagram (online supplemental figure 2) for
a description of included studies in the meta-analysis.

Primary outcome: postoperative AE of UIP

Ten studies reported AE rates of UIP postoperatively,
231 out of 2202 patients experienced an AE in hospital.
Proportional meta-analysis determined the rate of AE
post lung cancer resection as 14.6% (random effects
model, 95% CI 9.8 to 20.1, 1°=74%) (figure 1).

Fourteen studies compared lobar versus sublobar resec-
tion with regard to postoperative AE of UIP. Sublobar
resection was significantly associated with a reduced odds
of postoperative AE (OR 0.521 (fixed effects model),

1V, Fixed + Random, 95% CI I}I, Fixed + Random, 95% ClI

0.250 [0.121; 0.422] o
0.227 [0.078; 0.454] —_—
0.259 [0.150; 0.397] p——
0.135 [0.056; 0.258] ——

0.357 [0.186; 0.559]  ——

0.093 [0.080; 0.108]
0.076 [0.031; 0.151]
0.135 [0.045; 0.288]
0.071 [0.020; 0.173]
0.097 [0.036; 0.199]

0.095 [0.083; 0.109]
0.146 [0.098; 0.201]

I T T T T 1
0 0.2 0.4 0.6 0.8 1
Proportion

Forest plot demonstrating incidence of AE of UIP in pantiens with lung cancer. AE, acute exacerbation; UIP, usual
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Open access

Sublobar Lobar Weight Weight Odds Ratio Odds Ratio
Study Events Total Events Total (common) (random) MH, Fixed + Random, 95% CI MH, Fixed + Random, 95% CI
Ito 2020 0 7 4 62 1.4% 2.3% 0.867 [0.042; 17.742]
lyoda 2011 1 5 4 17 2.1% 3.4% 0.812[0.069; 9.522] —.v
Joo 2016 3 15 19 65 8.3% 11.0% 0.605 [0.153; 2.390] —:G——
Kushibe 2005 4 7 4 16 1.5% 5.9% 4.000 [0.612; 26.123] :5——0—
Mizuno 2012 0 5 7 47 2.2% 2.3% 0.491[0.024; 9.841] o
Otsuka 2016 1 3 2 20 0.5% 2.6% 4.500 [0.271; 74.748] :
Sato 2014 10 275 153 1480 67.4% 48.8% 0.327 [0.170; 0.629] —.:—
Sato 2018 0 2 3 8 2.1% 1.9% 0.314 [0.011; 8.684] .
Shintani 2010 0 2 6 38 1.1% 2.1% 1.000 [0.043; 23.359] L
Tang 2020 0 31 6 114 4.1% 2.5% 0.265 [0.015; 4.833] :
Tsutani 2017 3 50 3 57 3.8% 7.7% 1.149 [0.221; 5.967] —‘—-—
Voltolini 2013 1 4 3 30 0.8% 3.2% 3.000 [0.232; 38.740] —:—o—
Watanabe 2008 0 2 4 48 0.6% 2.0% 1.978 [0.082; 47.912] :
Yano 2012 1 18 5 44 4.0% 4.2% 0.459 [0.050; 4.230] —-L——
Total (fixed effect, 95% Cl) 426 2046 100.0% = 0.521[0.339; 0.803] ‘
Total (random effects, 95% Cl) -- 100.0% 0.586 [0.372; 0.926] -
Prediction interval [0.353; 0.974] —

| I I

Heterogeneity: Tau? = 0; Chi? = 12.85, df = 13 (P = 0.46); I* = 0%

01 051 2 10
Favours Sublobar Resection Favours Lobar Resection

Figure 2 Forest plot demonstrating incidence of AE of UIP in patients with lung cancer stratified according to extent of lung
resection (sublobar vs lobar resection). AE, usual interstitial pneumonia; UIP, usual interstitial pneumonia.

95% CI 0.339 to 0.803, p=0.0031, I’=0%) (figure 2).
Funnel plot analysis showed no asymmetry, addition-
ally the Egger’s test (p=0.2454) detected no significant
small study effects. We were unable to meta-analyse the
in-hospital mortality rate in this group by the extent of
lung resection owing to poor reporting of these data and
heterogeneity among reporting time frames.

Two studies compared segmental versus wedge resec-
tion with regard to postoperative AE of UIP. Segmental
resection was associated with an increased odds of post-
operative AE (OR 1.874 (fixed effects model), 95% CI
0.727 to 4.834, p=0.194, I°=0%) (figure 3), although not
significant. This is representative of the lower sample
number and fewer studies which stratified outcomes
within the sublobar resection category.

Secondary outcome: overall survival

Eight studies reported b5-year overall survival in this
unique group of patients, 886 out of 2128 patients
survived to 5 years post lung cancer resection. Propor-
tional meta-analysis determined the overall survival to be
47.4% at 5 years (random effects model, 95% CI 40.84 to
54, I’=64.4%) (figure 4). As for the rates of postoperative

AE (figure 1), the levels of heterogeneity were significant
which is not surprising. Factors such as stage of cancer,
choice of lung resection, preoperative and postoperative
treatments for cancer and UIP are accounted for below.
The extent of resection was not significantly associated
with overall survival following lung cancer resection in
UIP patients (HR for sublobar resection 0.978 (random
effects model), 95% CI 0.521 to 1.833, p=0.9351, ’=71%)
(figure 5). The high heterogeneity among studies was
explored with a view to determine the clinical basis of the
heterogeneity. Factors such as country, stage of NSCLC
and the decision making behind the extent of resection
were explored in a univariate meta-regression model.
Neither country (Japan/China/South Korea) nor deci-
sion making (random/surgeon or centre preference vs
proper risk stratification determining extent of resection)
behind surgical strategy accounted for the high hetero-
geneity (no change to I” test for unexplained variability
and R* (amount of heterogeneity accounted for) = 0%).
However, we found that 50.06% of the difference in true
effect sizes can be explained by the stage of NSCLC of
the patient cohort in each study, although not significant
(R*=50.06%, test of residual heterogeneity, p=0.06, test

Wedge Segment  Weight Weight Odds Ratio 0Odds Ratio
Study Events Total Events Total (common) (random) MH, Fixed + Random, 95% CI MH, Fixed + Random, 95% CI
Sato 2015 f i 10 159 95.3% 91.7% 1.630 [0.594; 4.471]
Yano 2012 1 B 0 12 4.7% 8.3% 6.818 [0.238; 195.126] E

i
Total (fixed effect, 95% CI) [ 171 100.0% 1.874 [0.727; 4.834] *',a-'*
Total {random effects, 95% Cl) ~ 100.0% 1.835 [0.698; 4.825] ot
Heterogeneity: Tau?= 0; Chi? = 0.64, df =1 (P = 0.42); 1*= 0% ! ' ' !
0.01 01 1 10 100

Favours Wedge Resection Favours Segmental Resection

Figure 3 Forest plot demonstrating incidence of AE of UIP in patients with lung cancer stratified according to extent of lung
resection (segmentectomy vs wedge resection). AE, usual interstitial pneumonia; UIP, usual interstitial pneumonia.
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Weight Weight
Study Events Total (common) (random)
Chiyo 2003 13 36 1.7% 9.4%
Kawasaki 2002 23 54 2.6% 11.7%
Saito 2011 15 28 1.3% 8.1%
Sato 2014 705 1763 82.7% 22.3%
Song 2020 42 92 4.3% 14.6%
Voltolini 2013 19 37 1.8% 9.6%
Watanabe 2008 34 56 2.7% 11.9%
Yano 2012 35 62 2.9% 12.5%
Total (fixed effect, 95% CI) 2128 100.0% -
Total (random effects, 95% CI) -  100.0%

Heterogeneity: Tau® = 0.0048; Chi? = 19.67, df = 7 (P < 0.01); I = 64%

1V, Fixed + Random, 95% ClI IV, Fixed + Random, 95% ClI

0.361 [0.208; 0.538] —_—

0.426 [0.292; 0.568] —_

0.536 [0.339; 0.725] =

0.400 [0.377; 0.423] -+ B

0.457 [0.352; 0.564] —e—

0.514 [0.344; 0.681] —_—

0.607 [0.468; 0.735] P ——

0.565 [0.433; 0.690] e

0.415 [0.394; 0.436] °:

0.474 [0.408; 0.540] -
[ [ [ [ [ |
0 02 04 06 08 1

Proportion

Figure 4 Forest plot demonstrating overall survival of patients with lung cancer with underlying UIP following curative

resection. UIP, usual interstitial pneumonia.

of moderators, p=0.186). When combining both stage
of NSCLC and decision making in a multivariate meta-
regression model, 94.07% of the difference in true effect
sizes can be explained (test of moderators, p=0.0042)
with no significant residual heterogeneity (p=0.363).

Egger’s linear regression test of funnel plot asymmetry
yielded a p value of 0.7236, implying no publication bias,
however, n number was <10, therefore, this may lack statis-
tical power. Only one study reported disease-free survival,
hence we were unable to meta-analyse owing to a lack of
data. Sublobar resection has been shown, however, to be
significantly associated with a shorter disease-free interval
compared with lobar resection across all cancer stages
(HR 4.74, 95% CI 1.12 to 20.06, p=0.03)."

Weight  Weight
Study TE SE (common) (random)
Chiyo 2003 0.500 0.2864 15.7% 17.4%
Joo 2016 -0.693 0.5033 51% 12.2%
Saito 2011 0.232 0.4120 7.6% 14.3%
Sato 2014* 0.351 0.1607 49.8% 20.2%
Song 2020* 0.892 2.3926 0.2% 1.2%
Tang 2020 0.905 0.7837 2.1% 7.5%
Tsutani 2017 -1.015 0.2795 16.5% 17.6%
Watanabe 2008 -0.301 0.6419 3.1% 9.6%
Total (fixed effect, 95% CI) 100.0% —_—
Total (random effects, 95% CI) —— 100.0%

Prediction interval
Heterogeneity: Tau® = 0.3242; Chi® = 24.42, df = 7 (P < 0.001); P = 71%

IV, Fixed + Random, 95% ClI

DISCUSSION

UIP and lung cancer

The incidence of lung cancer in UIP is well described;
with up to 50% of patients with UIP developing some
form concurrent pulmonary malignancy.'® The incidence
was significantly higher than in the age-matched general
population without UIP (48.2% vs 9.1%, p<0.001).17 This
is not altogether surprising given that there are under-
lying molecular and genetic aberrations common to both
disease processes.'® Yoo et al demonstrated that cumula-
tive year on year risk for malignancy in UIP increased at
a near exponential rate; 1 year for lung cancer was 1.1%,
whereas at 10 years this was 31.1%.'? Male gender, current
smoker at diagnosis and a rapid annual decline of more
than 10% in forced vital capacity (FVC) were associated
with increased risk of lung cancer."

Hazard Ratio
IV, Fixed + Random, 95% CI

Hazard Ratio

1.649[0.941; 2.891] i
0.500 [0.186; 1.341] ——
1.261 [0.562; 2.828]
1.420 [1.037; 1.946] AE
2.439 [0.022; 265.327] s
2.472[0.532; 11.486] ———
0.362[0.209; 0.627] -
0.740 [0.210; 2.604] —
1.083 [0.867; 1.353] S
0.978 [0.521; 1.833]

[0.210; 4.550] o —

[ | | 1

0.01 0.1 1 10 100
Favours Sublobar Resection Favours Lobar Resection

Figure 5 Forest plot demonstrating overall survival of patients with lung cancer with underlying UIP following curative
resection stratified according to extent of lung resection. *For those studies where there was a difference in reference
category, we manipulated the data by taking the inverse of the HRs and Cls to standardise the reference category for analysis
purposes. Cl, confidence interval; HR, hazard ratio; UIP, usual interstitial pneumonia.
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Postoperative outcomes in lung cancer and underlying UIP
Online supplemental table 2 illustrates the major
studies®® 2! ¥ 22 24 2526 yhich have explored the impact
of underlying UIP for patients who undergo major lung
resection for NSCLC. Despite having a variable preva-
lence, some groups reporting up to 13%,19 UIP is consist-
ently recognised as a significant independent negative
prognostic factor in terms of postoperative pulmonary
complications, in-hospital mortality and overall survival
(online supplemental table 2). The impact of UIP on
disease-free interval must be interpreted cautiously,
some groups have reported no difference®’ whereas
others have demonstrated a significantly worse disease
free interval with underlying UIP.*® This must be strati-
fied according to the type of surgical resection as lesser
resections are often employed in UIP patients to protect
against disease AE postoperatively. As we shall explore
later, lesser resections do associate with higher rates of
locoregional recurrence. Sato et af’ ** have presented the
largest series of concomitant NSCLC and UIP (n=1763)
to date and showed that death due to cancer was the
main cause of mortality (50.2%), followed by respiratory
failure (26.8%).

Our analysis has demonstrated that the rate of AE post
lung cancer resection as 14.6% (random effects model,
95% CI 9.8 to 20.1, 1’=74%) (figure 1), which is a signif-
icant proportion particularly when AE is a significant
predictor of in-hospital mortality.5 16 29-54 Eight studies
reported 5-year overall survival in this unique group of
patients, 886 out of 2128 patients survived to 5 years post
lung cancer resection with random effects testing yielding
a b-year survival rate of 47.4%. This again must be inter-
preted with caution as proper stratification according to
stage of disease, degree of fibrosis, type of fibrosis and
resection extent must be accounted for.

In the pretreatment decision-making phase, careful
attention should be paid to the type of interstitial lung
disease (ILD) present on the radiology, for example,
non-specific interstitial pneumonia (NSIP) carries a
much better prognosis and this should be radiologically
classified making the distinction between fibrotic type
NSIP and true UIP. The prognosis of NSIP is significantly
better than that of UIP; 5-year survival of 43% among
patients with UIP, compared with 90% in NSIP and this
is similarly reflected in those patients undergoing major
lung resections for cancer.?”

Although we did not perform a robust risk factor anal-
ysis for AE in these patients (ie, duration of surgery,
oxygenation levels, vent settings, FVC, severity of UIP,
Karnofsky status and comorbidities of patients), this has
already been well described by Hao et al® who demon-
strated a series of factors that confer higher risk in these
patients. Of note, UIP pattern on CT conferred an
OR of 1.52 for postoperative AE (95% CI 1.06 to 2.17,
p=0.021)*’; not all studies confirmed clear clinical or
biopsy proven diagnoses of UIP, some studies reported
a blend of ILD.”* These factors are critical to the prog-
nostic algorithm in this group of patients.

The role of limited resection

Limited surgical resection in lung cancer has been
increasingly adopted in recent years, for early stage solid
and subsolid lesions, particularly in light of the findings
from the recent JCOG0802 randomised controlled trial’
which assessed the 5-year outcomes following segmen-
tectomy (sublobar) (n=552) or lobectomy (n=554)
for stage Ia NSCLC less than or equal to 2 cm. Overall
survival was 94.3% and 91.1%, respectively (p=0.0082),
yet there was no significant difference in disease-free
survival; 88% and 87.9%, respectively. The proportion
of locoregional recurrence in the segmentectomy arm
was significantly higher than the lobectomy arm, 10.5%
vs 5.4% (p=0.0018), respectively. In this particular field,
there is limited scope to delineate between segment-
ectomy and lobectomy hence the discussion will also
compare sublobar (wedge resection and segmentectomy
combined) to lobar resection, which is a reflection of the
paucity of large-scale robust data.

The guidance suggests that there is a role for surgery
in the setting of high-risk patients with UIP* although
with a significantly lower 5-year survival rate (54.2%-—
61.6% for stage I NSCLC) and late death from respira-
tory failure.*® *' *7 Retrospective data suggest that limited
sublobar resection (wedge or segmentectomy) is better
tolerated in this group given that there is a reduced
incidence of AE, shorter postoperative hospital stay and
reduced rate of air leak.'®*** Across 14 studies analysing
2472 patients, sublobar resection was significantly associ-
ated with a reduced odds of postoperative AE (OR 0.521
(fixed effects model), 95% CI 0.339 to 0.803, p=0.0031,
*=0%) (figure 2). This could be due to a number of
different factors, reduced operative time, less handling
of the lung and less lung tissue resected. We must bear in
mind, however, that without level I evidence, this cannot
be formally accepted as experienced centres performing
segmentectomy do report that this operation is asso-
ciated with more tissue handling and longer operating
times particularly if performed minimally invasively.
Moreover, the air leak rate following segmentectomy
can be higher than a lobectomy, as the fibrotic lungs of
patients with clinically significant IPF are typically very
difficult to staple across the parenchyma for a sublobar
resection. Two studies® * did stratify postoperative AE
of UIP according to segmental and wedge resection;
segmental resection was associated with higher odds of
postoperative AE (OR 1.874) when compared with wedge
resection, although this was not significant.

Wedge resection also associated with lower mortality
from respiratory failure compared with lobectomy but
conferred a poorer long-term prognosis (5-year survival
of 33.2% compared with 68.4% with lobectomy).* Small
cohort retrospective data have shown significantly higher
disease free survival following lobar resection compared
with sublobar resection for early-stage lung cancer
in patients with underlying UIP."” However, we must
bear in the mind recent robust randomised data from
JCOG0802,7 which demonstrated a 5-year relapse-free
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survival rate of 88.0% (95% CI 85.0% to 90.4%) for
segmentectomy and 87.9% (95% CI 84.8% to 90.3%) for
lobectomy (HR 0.998; 95% CI 0.753 to 1.323; p=0.9889)
for earlystage lung cancer, despite higher local recur-
rence in the segmentectomy group. Moreover, data from
CALGB-140503 has shown comparable 5-year disease-free
survival between sublobar and lobar resection groups
(63.6% vs 64.1%, p=0.018 for non-inferiority), with 59%
of the sublobar resection cases being wedge resections.
The use of wedge resection therefore could be of funda-
mental importance to patients with concurrent UIP both
in terms of short and long-term cancer-specific survival.

Our analysis did not demonstrate a significantly
reduced long-term survival with sublobar resection (HR
0.978 (random effects model), 95% CI 0.521 to 1.833,
p=0.9351, 1°=71%) (figure 5). However, further meta-
regression has suggested that in superselected cases
with early-stage small tumours that have gone through
a proper risk stratification and counselling process may
have comparable long-term survival to patients under-
going lobectomy. As there was no survival difference, it
is highly likely that most sublobar resections were wedge
resections and survival cannot be reliably controlled for
the stage of disease and extent of resection given the
paucity of reported data.

A delicate balance must be struck in order to ensure
these patients have a long disease-free interval without
local recurrence at the cost of significant postoperative
mortality from IPF AE. Patient selection is key and opting
for limited resection in patients with FVC<80% and low
DLco are factors that can guide management. Further-
more intraoperative measures such as reducing the time
on single-lung ventilation, avoiding fluid overload and
hyperoxic time are also measures to be considered.”
Groups have described minimally invasive operative tech-
niques as a means of mitigating the risk of postoperative
AE.” The role of limited resection in this setting and its
association with a lower rate of AE must be correlated
with the poorer oncological outcomes and is indeed the
focus of an ongoing randomised study.™

CONCLUSIONS

Postoperative AEUIP in patients with lung cancer confers
a significant risk of in-hospital morbidity and mortality.
This can be offset with judicious use of sublobar resec-
tion, and appropriate implementation of perioperative
measures. In a superselected group of patients, long-
term survival can be achieved and this would also form
the crux of a recruitment cohort that should be subject
to a randomised controlled trial, which would seek to
definitely address the issues we have highlighted in this
manuscript.

Strength and limitations

This meta-analysis has several methodological strengths.
We followed the recommendations of the Cochrane
Collaboration and PRISMA statement, including a priori

protocol. It is the first meta-analysis in this particular
area which will importantly help to address key issues
and guide management when dealing with this high-
risk cohort. There is no level I randomised evidence
in this space, addressing outcomes or indeed utility of
prophylaxis measures to offset postoperative morbidity
and mortality. The study encountered a paucity of trials
reporting on uniform mortality rates and diseasefree
interval stratified according to extent of resection. Data
for this secondary outcome might have been collected
differently than data for the primary outcome in the
studies. The vast majority of patients come from a single
series,5 2 which may influence the overall effect size of
the analysis.
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Supplementary Figure 1.

1. Search Strategy

Database: Journals@Ovid Full Text <January 28, 2022>, Your Journals@Ovid, Embase <1974 to 2022
January 28>, Ovid MEDLINE(R) ALL <1946 to January 28, 2022>

Search Strategy:

1 "thoracic surg*".ti,ab. (70122)

2 *'THORACIC SURGERY"/ or *"THORACIC SURGICAL PROCEDURES"/ (34820)
3 (lobectom* adj3 (lung or pulmonary)).ti,ab. (7459)

4 "lobectom*".ti,ab. (56556)

5 "pneumonectomy".ti,ab. (20808)

6 "pneumonectom*".ti,ab. (22317)

7 "chest surg*".ti,ab. (2295)

8 "bronchoscop*".ti,ab. (85898)

9 '"thoracotom*".ti,ab. (61774)

10 "segmentectom*".ti,ab. (11085)

11 (segmentectom* adj3 (lung or pulmonary)).ti,ab. (1368)
12 "VATS".ti,ab. (16150)

13 "VIDEO-ASSISTED THORACIC SURGERY"/ (21544)

14  "lung resection*".mp. (49270)

15 "pulmonary resection*".mp. (15464)

16 (resection* adj3 (lobar or sublobar)).ti,ab. (3004)

17 "usual interstitial pneumoni*".ti,ab. (4872)

18 '"idiopathic pulmonary fibrosis".ti,ab. (30722)

19 "UIP".ti,ab. (4338)

20 "IPF".ti,ab. (24078)

21  "ILD".ti,ab. (19181)

22 interstitial lung disease*".ti,ab. (40795)

23 17 or18 or 19 or 20 or 21 or 22 (73994)

24 lor2or3ord4or50or6or7or8or9orl0oriloril2ori13oril4or15or16(335294)
25 23 and 24 (3295)

26 limit 25 to human [Limit not valid in Journals@Ovid,Your Journals@Ovid; records were retained]
(3066)
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27 limit 26 to full text [Limit not valid in Your Journals@Ovid; records were retained] (142)

28 remove duplicates from 27 (100)
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Records screened
(n =100)

Records excluded**
(n=53)

A 4

Reports sought for retrieval
(n=47)

v

\4

Reports not retrieved
(n=0)

Reports sought for retrieval
(n=5)

A4

Reports assessed for eligibility
(n =47)

A4

Reports excluded:

Reports assessed for eligibility
(n=5)

\4

Reports not retrieved
(n=0)

(n=0)

[ Included ] [

Studies included in narrative
review

(n=49)

Studies included in meta-
analysis

(n=18)

\4

Reports excluded:
Incomplete outcomes
reporting (n = 1)
Case report (n = 1)
Wrong patient group (n = 1)

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71.
doi: 10.1136/bmj.n71. For more information, visit: http://www.prisma-statement.org/
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Supplementary Table 1.

A summary of recommendations to optimise patient selection and management

Pre-operative

Intra-operative

Post-operative

Full  lung  function
including transfer
factor

Radiological risk
stratification

Serum  KL-6, CRP,
Albumin,  Surfactant
protein D

Corticosteroids,
Pirfenidone,
Immunosuppression

Avoid positive  fluid
balance

Avoid high periods of
Fi02=1

Limit time on single-
lung ventilation
Limited resection

- Prophylactic
Pirfenidone,
Corticosteroids

- ITU level
immediately
operatively

care
post-
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Supplementary Table 2: Post-operative outcomes in hon-small cell lung cancer patients with UIP

Author | Cohort size Stage | Type of Lung | Acute Disease Mortality | Overall
Resection Exacerbation | Free rate Survival*
Rate (ARDS | Survival*
in non-UIP
patients)
Chiyo n=36 (NSCLC | I-IV Lobectomy 25% (n=9, | - 30-day 5-year survival
2003 with ulp, (n=33), UIP  group) mortality; | rate; 35.6%
(33) 3.9% of total Segmentecto | versus 2% 2.8% UIP | (ILD)  versus
cohort) my (n=3) (n=18, non- group 62.5% (non-
UlIP); versus ILD); p<0.05
p<0.0001 0.9%
(non-UlIP);
p=0.3
[to 2020 | n=39 (NSCLC | I-llI Lobectomy 5.8% (n=4) - 30-day 3-year survival
(34) with ulP, (n=60), and  90- | rate; 41.8%
53.6% of Segmentecto day (total cohort),
total cohort) my (n=9) mortality; | 47.2% (clinical
2.9% and | stage | disease
8.7% only)
respectiv
ely
lyoda n=22 (NSCLC | I-llla Lobectomy 22.7% (n=5) | - - -
2011 with UIP) (n=17),
(35) Sublobar
(n=5)
Joo n=80 (NSCLC | I-lll Lobectomy 7.5% (n=6) - In- -
2016 with IPF) (n=65), hospital
(15) Sublobar mortality;
(n=15) 13.8%
(n=11)
Kawasa | n=54 (NSCLC | I-IV Lobectomy Composite 53% (UIP) | Combined | 5-year survival
ki 2002 | with ulP, (n=52) pulmonary Versus in- rate; 43%
(20) 7.5% of total complication | 67.5% hospital (UIP)  versus
cohort) rate: 26% | (non-UIP); | and post- | 64.2%  (non-
(n=14, UIP | p=0.25 operative | UIP); p=0.0083
group) death
versus 9.1% rate; 8%
(n=60, non- (n=4, UIP
UIP); p<0.01 group
versus
0.8%
(n=5,
non-UIP);
p<0.01
Kushibe | n=23 (NSCLC | I-lll Lobectomy 17.4% (n=4) | - In- -
2005 with UIP) (n=16), hospital
(36) Wedge (n=7) mortality;
13.04%
(n=3)
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Mizuno | n=52 (NSCLC | I-llla Lobectomy 13.5% (n=7) | - - -
2012 with UIP) (n=44),
(37) Segmentecto
my (n=5)
Otsuka n=23 (NSCLC | I-lll Lobectomy 13.04% (n=3) | - - 5-year survival
2016 with IPF and (n=20), — CPFE group rate; 22%
(38) emphysema Limited (n=3) | 44.4% (n=4) (CPFE), 22%
[CPFE]), n=9 — IPF only (IPF only)
(NSCLC with group
IPF alone)
Saito n=28 (NSCLC | la Limited 10.7% (n=3, | - 90-day 5-year survival
2011 with UIP, 8% operation UIP  group) mortality | rate; 54.2%
(24) of total (n=5) versus 0% rate; 3.6% | (UIP)  versus
cohort) (n=0, non- (n=1, UIP | 88.3% (non-
UIP); group UIP); p<0.0001
p<0.0001 versus
0.3%
(n=1,
non-UIP);
p=0.028
Sato n=1763 I-1V Lobectomy 9.3% (n=164) | - 30-day -
2014 A (NSCLC with (n=1209), mortality
(5) UlIP) Segmentecto rate; 2.6%
my (n=137), (n=46)
Wedge
(n=250),
Extended
(n=60)
Sato n=1763 -V Lobectomy - 5-year - 5-year survival
2015 (NSCLC with (n=1209), Recurrenc rate; 40%
(22) ulIP) Segmentecto e rate
my (n=137), 50.2%
Wedge
(n=250),
Extended
(n=60)
Shintani | n=40 (NSCLC | I-IV Lobectomy 15% (n=6) - - -
2010 with UIP) (n=34),
(25) Segmentecto
my  (n=2),
Pneumonect
omy (n=4)
Song n=92 (NSCLC | I-llI Lobectomy 7.3% (n=7, | 5-year Overall 5-year survival
20204 with ulpP, (n=70), UIP  group) | DFS: mortality | rate; 45.9%
(21) 2.8% of total Segmentecto | versus 1.0% | 49.2% rate at | (UIP)  versus
cohort) my (n=8) (n=2, non- | (UIP) longest 64.8% (non-
UlIP); versus follow-up; | UIP); p<0.0001
p=0.012 69.1% 63.5%
(non-UIP); | (n=61,
p<0.001 uip
group)
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versus
34.9%
(n=67,
non-UIP);
p<0.001
Tang n=156 I-111 Lobectomy 4.5% (n=7) 90-day -
2020 (NSCLC with (n=113), mortality;
(39) UIP) Sublobar 4.5%
resection (n=7)
(n=31)
Tsutani | n=107 | Lobectomy 5.6% (n=6) 90-day -
2017 A (NSCLC with (n=57), mortality;
(27) ILD, 13.4% of Segmentecto 4.67%
total cohort) my (n=25), (n=5)
Wedge
(n=25),
Voltolini | n=37 (NSCLC | I-IV Lobectomy ARDS; 13.5% Overall 5-year survival
2013 with ulpP, (n=30), (n=5, ulp mortality | rate; 52%
(26) 4.8% of total Sublobar group) rate; 49% | (UIP)  versus
cohort) (n=3), versus 2.3% UIP group | 65% (non-
Pneumonect | (n=17, non- at 26- | UIP); p=0.019
omy (n=4) UIP) (p<0.01) month
follow-up
Watana | n=56 (NSCLC | | Lobectomy ARDS; 7.1% In- 5-year survival
be 2008 | with ulP, (n=43), (n=4, ulP hospital rate; 61.6%
(23) 6.4% of total Segmentecto | group) mortality | (UIP)  versus
cohort) my (n=5), versus 0.9% rate; 7.1% | 83% (non-
Wedge (n=7, non- (n=4, UIP | UIP); p=0.019
(n=7), UIP) group)
Extended (p=0.004). versus
(n=1) Odds Ratio 1.9%
2.3 (95% CI (n=15,
2.48-31.25) non-UIP);
UIP; p=0.001 p=0.03
Yano n=62 (NSCLC | I-IV Lobectomy 9.7% (uip - 5-year survival
2012 (3) | with ulP, (n=44), group) rate; 55.7%
12.9% of Segmentecto (UIP)  versus
total cohort) my (n=6) 81.3% (non-
UIP); p=0.0001

*At longest follow-up (specified in brackets). A Reference category standardised by taking inverse of

HR/CI (Figure 4).
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