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Background: The objective of the present study was to explore the common actionable mutations and 
survival in variants of invasive adenocarcinoma (VIA) of lung.
Methods: A total of 1,120 lung adenocarcinoma patients with pathologically confirmed VIA and completely 
resected stage I–IIIA were enrolled from 2010 to 2013. For comparison, we evaluated the gene status and 
survival of 380 non-VIA lung adenocarcinoma patients. Reverse transcription-polymerase chain reaction 
(RT-PCR) was utilized for detecting the mutations of EGFR, KRAS, NRAS, PIK3CA, BRAF, HER2 and 
fusions of ALK, ROS1 and RET. Survival curves were plotted with Kaplan-Meier method. 
Results: Thirty-one patients were selected, including invasive mucinous adenocarcinoma (n=15), enteric 
adenocarcinoma (n=9), colloid adenocarcinoma (n=4) and fetal adenocarcinoma (n=3). The overall frequency 
of gene abnormality was 48.4% (15/31) in VIA. The gene abnormalities were as follows: KRAS mutation 
(n=5), ALK rearrangement (n=4), PIK3CA mutation (n=2), EGFR mutation (n=2), HER2 mutation (n=1) 
and ROS1 rearrangement (n=1). No mutations of NRAS, BRAF or RET were observed. The frequency 
of gene abnormality was lower in VIA than non-VIA patients (48.4% vs. 74.7%, P=0.0015). No difference 
in recurrence-free survival (RFS) was found between VIA and non-VIA patients (38.0 vs. 47.0 months, 
P=0.524). There was a trend of worse overall survival (OS) in VIA than non-VIA patients (48.0 vs.  
57.0 months, P=0.052).
Conclusions: As a rare type of lung adenocarcinoma, VIA has a lower frequency of common gene 
abnormality. Invasive mucinous adenocarcinoma is the most frequent subtype and KRAS represents a 
predominant actionable mutation in VIA patients. There is a trend of worse survival in VIA than non-VIA 
patients. 
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Introduction

Lung cancer is the leading cause of mortality in the  
world (1). And adenocarcinoma is currently the most common 
histological type of lung cancer, accounting for more 60% 
of all non-small cell lung cancer (NSCLC) (2). In 2011, a 
new pathologic classification of lung adenocarcinoma was 
redefined by American Thoracic Society and European 
Respiratory Society (IASLC/ATS/ERS). It was consistent 
with IALSC/ATS/ERS in the 2015 WHO Classification of 
Lung Adenocarcinoma in resected specimens (3,4). 

Based upon the latest 2015 WHO classification, there 
are four extremely rare variants of invasive adenocarcinoma 
of lung (VIA): invasive mucinous adenocarcinoma, 
colloid adenocarcinoma, fetal adenocarcinoma and 
enteric adenocarcinoma (4). And the clinico-histological 
characteristics of this subtype were derived from case reports 
(5-8). Though widely recognized in lung adenocarcinoma 
with its abnormal gene spectrum and survival outcomes, little 
information is known regarding the molecular alterations and 
prognostic values for VIA.

Here a consecutive cohort of patients with completely 
resected lung adenocarcinoma were examined for 
understanding the spectrum of driver genes and assessing 
its prognosis in VIA subtype according to the 2015 WHO 
histological classification.

Methods

Patient selection

Between January 2010 and June 2013, a total of 1,120 
patients with pathologically confirmed lung adenocarcinoma 
after complete resection were identified at Zhejiang Cancer 
institution. Histological typing of lung adenocarcinoma was 
determined according to the 2015 WHO Classification. 
Lung cancer staging was performed according to the 7th 
Tumor-Node-Metastasis (TNM) classification system. 
The study protocol was approved by ethics committee 
of Zhejiang Cancer Hospital and all patients provided a 
written form of informed consent for biomarker analysis 
(IRB2015-49). 

Histological evaluations

Tissue samples were diagnosed by immunohistochemistry. 
And histological classification was based on the 2015 
WHO classification. According to the new criteria, there 
were four subtypes of invasive mucinous adenocarcinoma, 

colloid adenocarcinoma, fetal adenocarcinoma and enteric 
adenocarcinoma. The common immunohistochemical 
markers were used for all samples, including TTF-1, 
CK5/6, CK7, CK20, Napsin-A, p40 and p63, etc.

Detection of gene spectrum

Genomic DNA/RNA was extracted according to standard 
protocols (RNeasy Mini Kit, and QiAamp DNA Mini Kit, 
Qiagen, Hilden, Germany). Briefly, isolated RNA samples 
were used for reverse transcription into cDNA using Revert 
Aid First Strand cDNA Synthesis Kit (Fermentas, St Leon-
Rot, Germany). Either genomic DNA or cDNA was used 
for PCR amplification and sequencing. EGFR, KRAS, 
NRAS, BRAF, HER2 and PIK3CA were amplified by PCR 
using genomic DNA. Cyclic sequencing of purified PCR 
products was performed with PCR primers using ADx 
Mutation Detection Kit (Amory, Xiamen, China). ALK, 
ROS1 and RET fusion mRNA were detected by PCR with 
fusion gene detection kit (Amory, Xiamen, China). Total 
RNA was extracted with QiagenRNeasy FFPE Kit. And 
mRNA was reverse-transcribed into cDNA at 42 ℃ for  
1 hour. β-actin was used as an internal control. The specific 
reverse transcription-polymerase chain reaction (RT-
PCR) conditions were as follows: initial denaturation at  
95 ℃ for 5 min, followed by 95 ℃ for 25 seconds, 64 ℃ for 
20 seconds and 72 ℃ for 20 seconds to ensure specificity;  
31 cycles at 93 ℃ for 25 seconds, 60 ℃ for 35 seconds and  
72 ℃ for 20 seconds for data collection and sensitivity 
analysis. All positive mutation or fusion genes were 
confirmed with Sanger sequencing. And all experiments 
were performed according to the user’s manual as described 
previously (9). 

Follow-ups and statistical analyses

All patients were followed up after adjuvant treatment. 
And recurrence or metastasis was evaluated by thoraco-
abdominal computed tomography (CT) and other routine 
examinations. The last follow-up date was December  
31, 2016. 

Categorical variables were compared by χ2 test and 
continuous variables by Mann-Whitney nonparametric 
test. And Kaplan-Meier method was employed for survival 
analysis and log-rank for comparison. Overall survival (OS) 
was defined from the start of confirmed pathology to the 
date of mortality or the last follow-up. And recurrence-free 
survival (RFS) was counted as the time from the start of 
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confirmed pathology to recurrence or metastases. Statistical 
analysis was performed with SPSS 17 software (SPSS, Inc., 
Chicago, IL, USA).

Results

Clinicopathological characteristics 

Among them, 31 patients (2.7%) were enrolled. There 
were 17 males and 14 females with a median age of  
62 years (range, 31–79 years). Twelve patients had a 
smoking history and 19 had never smoked. The pathological 
stages were I (n=16, 51.6%), II (n=6, 19.4%) and IIIA (n=9, 
29.0%), respectively. According to 2015 WHO Histological 
Classification criteria, the VIA numbers were as follows: 
invasive mucinous adenocarcinoma (n=15, 48.4%), enteric 
adenocarcinoma (n=9, 29.0%), colloid adenocarcinoma 
(n=4, 12.9%) and fetal adenocarcinoma (n=3, 9.7%). Their 
clinicopathological characteristics were summarized in  
Table 1. 

Genetic results 

Fifteen patients harbored gene alterations with a frequency 
of 48.4% (15/31). The gene alterations included KRAS 
mutation (n=5, 16.1%), ALK rearrangement (n=4, 12.9%), 
PIK3CA mutation (n=2, 6.5%), EGFR mutation (n=2, 6.5%), 
HER2 mutation (n=1, 3.2%) and ROS1 rearrangement (n=1, 
3.2%). No mutation of NRAS, BRAF or RET was observed. 
The frequencies of gene mutations were 60.0%, 55.5%, 
0% and 33.3% in invasive mucinous adenocarcinoma, 
enteric adenocarcinoma, colloid adenocarcinoma and fetal 
adenocarcinoma respectively. 

Comparison of gene spectrum 

For comparison, 380 patients with complete resection and 
pathologically confirmed non-VIA lung adenocarcinoma 
were randomly selected. And a clinicopathological 
comparison of patients with VIA and non-VIA was listed in 
Table 2. No inter-group difference existed in gender, age or 
smoking status. 

For 380 patients with non-VIA lung adenocarcinoma, 
all nine gene detections were performed. Gene alterations 
were detected in 74.7% of non-VIA samples: EGFR 
mutation (n=188, 49.5%), KRAS (n=20, 5.2%), EML4-
ALK rearrangement (n=19, 5.0%), HER2 (n=9, 2.4%), 
ROS1 rearrangement (n=8, 2.1%), PIK3CA (n=8, 2.1%), 

RET rearrangement (n=6, 1.6%), BRAF (n=2, 0.5%), NRAS 
mutations (n=1, 0.3%) and double mutations (n=23, 6.1%). 
The frequency of gene alterations was higher in non-VIA 
than VIA patients (74.7% vs. 48.4%, P=0.0015). KRAS 
mutation was more frequent in VIA than non-VIA patients 
(16.1% vs. 5.3%, P=0.01) while the pattern reversed 
in EGFR mutations (6.5% vs. 49.5%, P<0.001). The 
distributions of gene typing for VIA and non-VIA patients 
were listed in Table 2 and Figure 1.

Treatments and survival analyses

Among 31 VIA patients, 20 recurred or metastasized and 19 
died. Their median RFS and OS were 38.0 (95% CI: 25.8–
50.2) and 48.0 months (95% CI: 40.5–55.5) respectively. 
Targeted therapy was offered for three patients, including 
EGFR-TKI (n=1) and crizotinib (n=2). The progression-
free survival (PFS) was 6.0, 9.0 and 9.5 months respectively. 
Sixteen patients received first-line chemotherapy with a 
median PFS of 4.5 months (95% CI: 3.8–5.5). 

The median OS values were 53.0, 48.0, 28.0 and  
48.0 months for invasive mucinous adenocarcinoma, 
enteric adenocarcinoma, colloid adenocarcinoma and fetal 
adenocarcinoma respectively. No survival difference existed 
among different subtypes (P=0.166). However, OS was 
shorter in colloid adenocarcinoma than other subtypes (48.0 
vs. 28.0 months, P=0.034) (Figure 2).

No difference in RFS existed between VIA and non-VIA 
patients (38.0 vs. 47.0 months, P=0.524). However, there 
was a trend of worse OS in patients with VIA than those 
with non-VIA (48.0 vs. 57.0 months, P=0.052) (Figures 3,4).

Discussion

As demonstrated here, the frequency of common driver 
genes of VIA patients was lower than that of non-VIA 
ones. And there was a trend of shorter OS in VIA patients. 
Different from non-VIA lung adenocarcinoma, KRAS 
represented a predominant actionable mutation in VIA 
patients. To the best of our knowledge, this was the first-
ever attempt of detecting the spectrum of driver genes and 
assessing the prognosis of VIA patients according to the 
2015 WHO Pathological Classification of Lung Cancer.

Due to its extreme rarity, VIA has been scantily 
reported in literature (10). Formerly known as mucinous 
bronchioloalveolar carcinoma, invasive mucinous 
adenocarcinoma comprised around half of all VIA 
patients. In comparison, other subtypes, including enteric 
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adenocarcinoma, colloid adenocarcinoma and fetal 
adenocarcinoma, were much rarer. In our series, Invasive 
mucinous adenocarcinoma presented with the highest 
incidence of 48.4% (15/31) of all tumors, followed by 
enteric adenocarcinoma, colloid adenocarcinoma and 
fetal adenocarcinoma. For rarity, the clinicopathology and 
survival outcome of VIA have not been well documented. 
In the present study, no significant difference in clinical 
characteristics was found between VIA and non-VIA 
patients. 

Table 2 Clinical characteristics and genes comparison between VIA 
and non-VIA patients

Variables VIA (n=31) Non-VIA (n=380) P

Gender 0.79

Male 17 199

Female 14 181

Age (years) 0.13

<60 12 201

≥60 19 179

Smoking status 0.98

Never 19 232

Former/current 12 148

Pathologic stage 0.26

I + II 22 231

III 9 149

EGFR <0.001

Yes 2 188

No 29 192

KRAS 0.01

Yes 5 20

No 26 360

ALK 0.19

Yes 4 19

No 27 361

HER2 0.76

Yes 1 9

No 30 371

ROS1 0.82

Yes 1 8

No 30 372

PIK3CA 0.37

Yes 2 8

No 29 372

RET 0.94

Yes 0 6

No 31 374

Table 2 (continued)

Table 2 (continued)

Variables VIA (n=31) Non-VIA (n=380) P

BRAF 0.48

Yes 0 2

No 31 378

NRAS 0.12

Yes 0 1

No 31 379

Concurrent alteration 0.32

Yes 0 23

No 31 357

Pan-negative 0.0015 

Yes 16 96

No 15 284

VIA, variants of invasive adenocarcinoma.
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*

ALK ROS1HER2 PIK3CA RET BRAF NRASKRAS
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Figure 1 Distribution of gene typing in VIA and non-VIA 
patients. VIA, variants of invasive adenocarcinoma.
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Previous studies demonstrated that the subtypes of 
NSCLC showed specific driver gene alterations. Over 
80% patients with adenocarcinoma harbored definitive 
molecular genes in East Asian populations (11-14). It is 
well-known that gene status of EGFR/ALK is associated 
with the subtypes of adenocarcinoma (15-18). Patients with 
micropapillary predominant tumors tended to have a high 
incidence of EGFR mutation. Solid predominant subtype 
was frequent in ALK rearrangement (15-18). Though as a 
subtype of lung adenocarcinoma, little was known about its 
molecular alternations due to the rarity of VIA. Mucinous 
differentiation was significantly correlated with an absence 
of EGFR mutation and a presence of KRAS mutation in 
lung adenocarcinomas with bronchioloalveolar features (19). 
Similarly, KRAS mutation was a predominant mutation in 

invasive mucinous adenocarcinoma according to our data. 
Different from other lung adenocarcinomas, only 13.3% 
(2/15) patients of invasive mucinous adenocarcinoma 
harbored EGFR mutations in present study. EGFR mutation 
was not detected in other 16 patients. Generally, the subtype 
of VIA was associated with a lower frequency of common 
driver genes than non-VIA lung adenocarcinoma in current 
study. Hence, VIA might represent a distinct subset of lung 
adenocarcinoma.

For a relative rarity of VIA, few studies have explored its 
prognosis and survival (10,20). In our study, there was no 
difference in RFS between VIA and non-VIA patients. And 
a trend of survival difference existed between two groups. 
And 3/20 of VIA patients received targeted treatment 
after recurrence while 154/264 non-VIA patients targeted 
therapy. Treatment imbalance after recurrence might 
contribute to the discrepancy. 

The limitations of our study lied in its retrospective 
design and fewer samples. Firstly, only 31 patients were 
enrolled and it could affect clinical and prognosis analysis. 
Secondly, three patients with gene alternations received 
targeted treatment after metastasis so that the clinical 
efficacy of targeted inhibitor was not fully validated. 
Thirdly, our analysis was limited to a panel of nine genes. 
And knowledge about other driver events in tumors was 
rather limited.

Conclusions

In conclusion, the frequency of common driver genes of 

Figure 2 Survival comparison between colloid adenocarcinoma 
and other VIA (48.0 vs. 28.0 months, P=0.034). VIA, variants of 
invasive adenocarcinoma; OS, overall survival.
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Figure 3 RFS comparison between VIA and non-VIA patients 
(38.0 vs. 47.0 months, P=0.524). VIA, variants of invasive 
adenocarcinoma; RFS, recurrence-free survival.

Figure 4 Comparison of OS between VIA and non-VIA patients 
(48.0 vs. 57.0 months, P=0.052). VIA, variants of invasive 
adenocarcinoma; OS, overall survival.
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VIA patients was lower than non-VIA counterparts. KRAS 
is a predominant actionable mutation and EGFR mutation 
occurs less frequently in VIA patients. Thus, VIA represents 
a subset of lung adenocarcinoma with unfavorable survival. 
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