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ABSTRACT

Aims Primary lung adenocarcinoma consists of a
spectrum of clinical and pathological subtypes that

may impact on overall survival (OS). Our study aims to
evaluate the impact of adenocarcinoma subtype and
intra-alveolar spread on survival after anatomical lung
resection and identify different prognostic factors based
on stage and histological subtype.

Methods Newly diagnosed patients undergoing
anatomical lung resections without induction therapy,
for pT1-3, NO-2 lung adenocarcinoma from April 2011
to March 2013, were included. The effect of clinical—
pathological factors on survival was retrospectively
assessed.

Results Two hundred and sixty-two patients were
enrolled. The 1-year, 3-year and 5-year OS were 88.8%,
64.3% and 51.1%, respectively. Univariate analysis
showed lymphovascular, parietal pleural and chest wall
invasion to confer a worse 1-year and 5-year prognosis
(all p<0.0001). Solid predominant adenocarcinomas
exhibited a significantly worse OS (p=0.014).
Multivariate analysis did not identify solid subtype as an
independent prognostic factor; however, identified stage
>lla, lymphovascular invasion (p=0.002) and intra-
alveolar spread (p=0.009) as significant independent
predictors of worse 0S. Co-presence of intra-alveolar
spread and solid predominance significantly reduced OS.
Disease-free survival (DFS) was reduced with parietal
pleural (p=0.0007) and chest wall invasion (p<0.0001),
however, adenocarcinoma subtype had no significant
impact on DFS.

Conclusions Our study demonstrates that solid
predominant adenocarcinoma, intra-alveolar spread
and lymphovascular invasion confer a worse prognosis
and should be used as a prognostic tool to determine
appropriate adjuvant treatment.

INTRODUCTION

Lung cancer is the leading cause of cancer-related
mortality worldwide, with adenocarcinoma being
the most common histological subtype accounting
for 35% of lung cancers." Pulmonary adenocarci-
noma is heterogeneous in its histological pattern,
molecular profile, clinical findings, radiological
presentation and treatment options.”

In 2015, a new WHO Classification of Tumours
of the Lung, Pleura, Thymus and Heart (fourth
edition) was published defining five different
histological subtypes: lepidic, acinar, papillary,
micropapillary and solid patterns.’ * This new clas-
sification for adenocarcinomas was based on the
International Association for the Study of Lung

," Leanne Harling," Alberto Rodrigo,® Daisuke Nonaka,® Emma Mclean,’

Cancer, American Thoracic Society and European
Respiratory Society (IASLC/ATS/ERS) recommen-
dations made in 2011.° ¢

Since 2011, several publications have reported a
strong correlation between predominant patterns
of adenocarcinoma and prognosis, with solid and
micropapillary patterns conferring a worse prog-
nosis (reduced overall survival (OS)) and lepidic
predominance having a better prognosis.”~ Despite
this, tumour subtype is currently not a criterion
used to select patients for adjuvant therapies.'

More recently, tumour intra-alveolar spread has
been shown to strongly correlate with lymph node
and distant metastases as well as a higher incidence
of local recurrence of tumour, hence serving as an
independent negative prognostic factor for lung
adenocarcinomas.''™"

The main aim of our study is to evaluate the
impact of adenocarcinoma subtype and intra-
alveolar spread on survival after anatomical lung
resection and to identify different prognostic factors
based on stage and histological subtypes.

PATIENTS

Patient recruitment

All patients undergoing anatomical lung resection
between April 2011 and March 2013 for pT1-3
NO-2 lung adenocarcinoma were included. Exclu-
sion criteria were patients with pT4 tumours,
tumour types other than adenocarcinoma (neuro-
endocrine tumour, small cell lung cancer squamous
tumours), incomplete resection and those under-
going induction treatment, chemo and or radio-
therapy. Patients who had tumours larger than
40 mm, or N1/N2 disease, received adjuvant chemo-
therapy. Patients with N2 disease or R1 resections
received adjuvant radiotherapy. cN2 single station
surgery was indicated.

Data acquisition and analysis

Demographic, clinical and survival data for those
patients who fulfilled the inclusion criteria were
retrospectively obtained from hospital electronic
medical records and serial follow-up information
obtained from correspondence letters with primary
care physicians.

H&E-stained sections from resected lung adeno-
carcinomas were reviewed, and according to the
2015 WHO classification of lung tumours,'* histo-
logical diagnosis of adenocarcinoma was confirmed
and subclassification to lepidic, acinar, papillary,
micropapillary and solid type was made. All tumours
were documented for tumour size, lymphovascular
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invasion, visceral or parietal pleural invasion and lymph node
metastasis. Tumour stage was based on the Tumour Nodes Metas-
tases (TNM) eighth edition classification.”® In order to derive
the percentage contribution of each subtype of adenocarcinoma
to the overall tumour, all H&E-stained slides for tumours were
digitally scanned using a Hamamatsu Nanozoomer scanner
and analysed using proprietary software (Hamamatsu NPD.
View2). This tumour area, represented by each histopatholog-
ical subtype, was defined and expressed as a percentage of the
overall tumour. The presence of adenocarcinoma in situ, mini-
mally invasive adenocarcinoma, lepidic, acinar, mucinous, solid
and micropapillary components, was reported on percentage.
Additionally, the presence of the intra-alveolar spread has then
been reported. Spread through air spaces (STAS) was defined as
small clusters of tumour cell nests within air spaces in the lung
parenchyma beyond the edge of the main tumour. The edge of
the main tumour was defined as the outer border of the tumour.
STAS was considered present when tumour cells were identified
beyond the edge of the main tumour.'®

Statistical analysis

Continuous variables were expressed as mean=SD and categor-
ical data expressed as counts and percentages. Univariate analysis
was performed using y* or unpaired t-tests where appropriate.
Survival was measured from the date of surgical intervention and
survival data were analysed using Kaplan-Meier methodology.
Factors significantly affecting survival in univariate analysis (at
p<0.005) were included in a multivariate Cox proportional
hazard regression mode. The stepwise backward procedure
based on the likelihood ratio was used to assess the significance
of covariate included in the model. HRs and 95% CIs were
calculated. Statistical significance was defined where p<0.05.
All analyses were carried out using STATA V.12.0.

RESULTS

Demographic and clinical patient data

A total of 262 patients, who underwent an anatomical lung
resection from February 2011 to March 2013, were included
in the analysis. The average age of the study population was
69.7+8.7 years, of whom 45% (118/262) was men. Full demo-
graphic details and clinical details are included in table 1.

Overall survival

All patients were followed up until July 2018. The median OS
for the study population was 42.6 months (range 0.4-68.1).
The 1-year, 3-year and S-year survival rate were 88.8%, 64.3%
and 51.1%, respectively (figure 1). The 30-day mortality rate
was 1.1% (n=3). As expected, there was a stepwise decrease in
OS with more advanced pathological stage (figure 2). Stage IB
tumours did not demonstrate significantly worse survival than
stage A tumours (p=0.264) (table 2). When compared with
stage I disease, stages II and III showed worse OS.

At univariate analysis, clinicopathological factors conferring a
worse prognosis at 1 and 5 years were the presence of lymphovas-
cular invasion (85% vs 91% at 1year and 39% vs 609% at 5 years;
x*=17.3, p<0.0001), parietal pleural invasion (69% vs 90% at
1year and 8.6% vs 67% at 3 years; x*=26.31, p<0.0001), chest
wall invasion (40% vs 90% at 1year; x>=26.82, p<0.0001),
visceral pleural invasion (849% vs 92% at 1year and 48% vs 54%
at 5 years; x°=4.04, p=0.0444) and smoking status (87% vs
100% at 1year and 56 vs 1009 at 5 years; y>=6.55, p=0.0105).

Solid predominant adenocarcinomas exhibited a signifi-
cantly worse OS than other histopathological subtypes

Table 1 Baseline characteristics of the study population
Number (n=262),
Variable %
Age in years (mean = SD) 69.7 + 8.7
Gender, male 118 (45)
Smoking status:
Non 12 (4.58)
Ex 119 (45.4)
Current 55 (20.1)
Unknown 76 (29.0)
Performance status
0 85 (32.4)
1 115 (43.9)
2 6(2.29)
Unknown 56 (21.4)
Tumour size in mm 349+21.2
Stage:
la 71 (27.0)
Ib 75 (28.6)
lla 37 (14.1)
Ilb 21 (8.02)
Illa 58 (22.1)
Operation type:
Lobectomy 232 (88.6)
Segmentectomy 9(3.44)
Pneumonectomy 10 (3.82)
Bilobectomy 11 (4.20)
Presence of invasion:
Mediastinal 2(0.76)
Chest wall 5(1.91)
Visceral pleural 103 (39.3)
Parietal pleural 13 (4.96)
Lymphovascular 110 (42.0)
Intra-alveolar spread (stas) 50 (19.1)
Adenocarcinoma subtype:
Lepidic 55 (20.99)
Acinar 98 (37.40)
Papillary 24 (9.16)
Micropapillary 48 (18.32)
Solid 37 (14.12)

when compared with lepidic predominant adenocarcinomas
(p=0.008) (figure 3). Other variables analysed included age,
gender, performance status and intra-alveolar spread or STAS.
The presence of STAS was identified across all operation types.
Furthermore, patients undergoing pneumonectomy (p=0.043)
and bilobectomy (p=0.022) exhibited significantly worse OS
than those undergoing segmentectomy or lobectomy: 26.5
months (range 6.5-56.5) and 17.7 months (range 7-60 months)
versus 47.6 months (range 22.3-54.5 months) and 43.1 months
(range 0.4-68.1) respectively, probably reflecting more locally
advanced tumour (table 2).

The association of the solid component and STAS with sex,
age, smoking history, lymphovascular invasion, visceral and pari-
etal invasion and lymph node status did not show any significant
correlation.

Additional analysis was performed based on literature reports,
looking at the concomitant presence of both intra-alveolar spread
and solid predominant disease. This demonstrated a significantly
worse survival in these patients (n=20; p=0.01, HR 2.18, CI
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‘ 95% Cl Survivor function ‘
Figure 1  Overall survival. 1year 88.8% (84.2-92.1); 2 years 73.87%

(68.0-78.8); 3years 64.3% (58.1-69.9); 4years 58.9% (52.5-64.8);
5years 51.1% (42.8-58.8).

1.2 to 3.9), when compared with those without either solid
component or intra-alveolar spread (n=144) (figure 4).

Disease-free survival

Of the 262 patients, data were available on recurrence in 163
cases. Of these, 72 (44%) exhibited disease recurrence during
the study period. Date of recurrence were available in 60 of the
72 patients with recurrent disease and these 60 were included in
analysis of disease-free survival (DFS). Mean time to recurrence
was 20.6+14.6 months. Univariable analysis did not show any
significant impact of gender, age, operative site, performance
status, intra-alveolar spread (STAS) or lymphovascular invasion
on DFS. Advancing stage was an overall predictor of shorter DFS
(p=0.046), as were the presence of parietal pleural (3> 11.62,
p=0.0007) and chest wall invasion (x> 21.32, p<0.0001).
Patients with solid tumours again tended to have shorter DFS
(figure 5), however, adenocarcinoma subtype did not signifi-
cantly impact on DFS in this patient cohort.
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Figure 2 Survival according to disease stage. Stage Il and Ill tumours
showed worse overall survival. Stage IB showed no statistical difference
to IA.

Table 2  Univariate analysis of predictors of overall survival

Variable HR ' 95% Cl P value
Age 1.01 0.989 to 1.035 0314
Sex 0.34 0.559
Performance status 1.66 0.437
Smoking 6.55 0.0105
Invasion:
Lymphovascular 17.3 <0.0001
Visceral pleural 4.04 0.0444
Parietal pleural 26.31 <0.0001
Mediastinal 0.01 0.9169
Chest wall 26.82 <0.0001
Intra-alveolar spread (stas) 1.27 0.2599
Adenocarcinoma subtype
Lepidic Base Base Base
Acinar 1.165 0.679 t0 1.997 0.579
Papillary 0.684 0.275t0 1.704 0.415
Micropapillary 1.497 0.811 to 2.763 0.197
Solid 2.228 1.229 t0 4.038 0.008
Stage
la Base Base Base
Ib 1.438 0.760 to 2.722 0.264
lla 3.298 1.741 to0 6.247 0.000
Ib 5.062 2.4911010.29 0.000
llla 3.328 1.829 to 6.054 0.000
Operation type
Lobectomy Base Base Base
Segmentectomy 0.923 0.339t0 2.513 0.875
Pneumonectomy 2.213 1.024 t0 4.782 0.043
Bilobectomy 2.333 1.1311t04.813 0.022

Subgroup analysis

Subgroup analysis was performed by stage, analysing the char-
acteristics in the different stage categories. As expected, OS was
better in earlier stage (IA-IIA) tumours with a 1-year, 3-year
and S-year survival of 90.6%, 73.6% and 58.8%, respectively

g
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0 20 40 60 80
Time (Months)
Number at risk
adc_type = lepidic 55 47 37 3 0
adc_type = acinar 98 78 62 6 0
adc_type = papillary 24 19 15 2 0
adc_type = micropapillary 48 32 20 3 0
adc_type =solid 37 21 14 2 0
Lepidic Acinar
Papillary Micropapillary
Solid

Figure 3  Effect of tumour subtype on overall survival. Solid
adenocarcinomas had a worse overall survival than other subtypes
compared with lepidic (p=0.008).
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Figure 4 Kaplan-Meier survival based on intra-alveolar spread and
solid component. Concomitance of solid predominance and presence of
intra-alveolar spread showed significantly worse survival (p=0.01, HR
2.18,C1 1.2 t0 3.9).

compared with stages IIB and IITA. The presence of lymphovas-
cular invasion (p=0.0016), visceral pleural (p=0.048) and pari-
etal pleural (p<0.0001) invasion remained significant univariate
predictors of worse OS in every stage subgroup. In stage IA-IIA
tumours adenocarcinoma subtype and STAS were not a signif-
icant predictor of OS. However, in this specific subgroup, the
presence of intra-alveolar spread and solid predominant tumour
subtype together (N=12) again resulted in significantly worse OS
than in those without either solid component or intra-alveolar
spread (N=105) (HR 2.65, 95%CI 1.22 to 5.77, p=0.014).

Multivariate regression model

A Cox proportional hazard, multivariate model was used to
determine significant survival predictors. Significant interac-
tion was seen between the variables of lymphovascular inva-
sion and parietal pleura invasion as well as between age and
intra-alveolar spread and these were incorporated into the final

0.75 1.00
L L

Survival
0.50
L

\_L
g P

Time (Months)

0.25
!

Number at risk

adc_type = lepidic 9 5 0 0
adc_type = acinar 26 1 2 0
adc_type = papillary 7 5 2 0
adc_type = micropapillary 12 7 3 1
adc_type = solid 9 2 0 0
Lepidic Acinar
Papillary Micropapillary
Solid

Figure 5 Effect of tumour subtype on disease-free survival. Solid
adenocarcinomas had a shorted disease-free survival overall, but not
statistically significant.

Table 3 Multivariate Cox regression model: n=26; LR x2=66.38;
df=15; p < %* <0.00001

95%Cl
Variable HR P value Lower Upper
Age 1.032 0.021 1.005 1.061
Stage
la Base Base Base Base
Ib 1.364 0.387 0.675 2.757
lla 3.009 0.002 1.495 6.054
IIb 3.006 0.009 1.318 6.853
llla 2.665 0.003 1.390 5.110
Lymphovascular invasion 2.017 0.002 1.296 3.138
Visceral pleural invasion 0.873 0.565 0.549 1.388
Parietal pleural invasion 1.553 0.366 0.598 4.034
Adenocarcinoma subtype
Lepidic Base Base Base Base
Acinar 1.066 0.830 0.595 1.911
Papillary 0.814 0.688 0.298 2222
Micropapillary 1.390 0.346 0.701 2.755
Solid 1.644 0.137 0.854 3.163
Intra-alveolar spread (STAS) 289.6 0.009 4.202 19961.07
Interaction variables
Lymphovascular invasion and ~ 4.855 0.019 1.302 18.10
parietal pleural invasion
STAS and age 0.921 0.011 0.865 0.981

model. Confirmation that the proportional hazard assumption
met was assessed through Schoenfeld residuals (global test:
x*=2.26 p=0.659). The fully adjusted model including interac-
tion variables is shown in table 3. In this model advancing age
(p=0.021), stage above Ila (all p<0.01), lymphovascular inva-
sion (p=0.002) and intra-alveolar spread (p=0.009) were all
significant independent predictors of worse OS outcome. Solid
adenocarcinoma subtype was not an independent prognostic
factor.

DISCUSSION

Lung adenocarcinoma is the most frequent nonsmall cell lung
cancer subtype. Currently, TNM staging remains the strongest
predictor of survival and, together with tumour size, is the
basis on which patients are offered adjuvant treatment after
surgical resection.” '® Among patients with the same patholog-
ical staging, a number of biological tumour characteristics may
contribute to determine the prognosis and the risk of recurrence.
Recently, adenocarcinoma subtype, lymph vascular invasion and
intraalveolar spread have been investigated as potential prog-
nostic factors.

The rates of the predominant adenocarcinoma subtypes vary
in the literature.’ As previously reported OS is affected by
predominant adenocarcinoma subtype: solid and micropapillary
subtypes are associated with worse long-term prognosis.*>
Our results demonstrated that the solid histological subtype,
regardless of the expression percentage, conferred the worst OS
identifying it as an independent negative prognostic factor for
survival. These results are consistent with a recent study by Li et
al** who also demonstrated a worse survival in solid adenocar-
cinoma subtypes. Solid component is associated with features of
aggressive behaviour such as lymph node involvement, lympho-
vascular invasion as reported by Li J, which may account for
worse long-term prognosis.* **
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We found that patients with solid tumour subtype and tumour
STAS had a significantly worse prognosis than those who did
not have either biologic tumour characteristic. The poor prog-
nostic role of solid histologic subtype of adenocarcinoma is well
reported, particularly most recently in a systematic review and
meta-analysis by Miyahara et al.*® In our series, the combined
effect of solid subtype and tumour intra-alveolar spread is even
more marked, particularly in earlier stages (stage IA-IIA; HR
2.65,95%CI 1.22 to 5.77, p=0.0.014).

Clinical stage and tumour size were the major criteria to deter-
mine the extent of resection’” and the adjuvant treatment. The
correlation between histological subtype and survival, and the
impact of STAS demonstrated in our findings, can provide a
more accurate assessment of whether a wide resection is appro-
priate (sublobar vs lobar resection), even for small peripheral
tumours. We have previously reported, together with various
authors, on the prognostic impact of tumour lymphovascular
invasion.”® We reported that even in early stage lung cancer, the
presence of tumour lymphovascular invasion conferred a worse
OS and correlated with the likelihood of lymph node metastases.
It could be argued that the presence of these biologic markers of
tumour aggressiveness (tumour lymphovascular invasion, intra-
alveolar spread, solid subtype) should at least be investigated as
criteria for adjuvant therapies in prospective clinical trials.

As limitations, this is a single centre retrospective study and the
simple size of the study is smaller than other groups, such as the
2018 solid component study,** but all the cases were reviewed by
a dedicated thoracic pathologist, and the predominant subtype
was classified objectively using proprietary software to minimise
interpretations bias.

CONCLUSION

In conclusion, our results demonstrate that solid predominance
with intra-alveolar spread and lymphovascular invasion confer a
worse prognosis and, therefore, should be used as a prognostic
tool when determining the appropriate treatment for patients.
STAS is a novel criterion that can help to further stratify patients
after lung resection who may benefit from adjuvant treatment.
The impact of these prognostic factors on adjuvant chemo-
therapy remains unclear and further studies on adjuvant treat-
ment based on these biological characteristics rather than the
size criteria only are needed.

Take home messages

» Solid predominance in lung adenocarcinoma confers a worse
prognosis.

» Intra-alveolar spread is an independent predictor of survival.

» Copresence of intra-alveolar spread and solid predominance
significantly reduce overall survival.

» Tumour type and intra-alveolar spread should be used as a
prognostic tool to determine appropriate adjuvant treatment.
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