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A B S T R A C T

Background: Pathologic confirmation of lung cancer influences treatment selection for suspected early-stage lung cancer. High pre-treatment tissue confirmation rates 
are recommended. We sought to define management and outcomes of patients undergoing surgery for primary lung cancer in a UK multi-centre clinical trial.
Methods: VIOLET compared minimally invasive video-assisted thoracic surgery versus open surgery for known or suspected lung cancer. Diagnostic patient pathways 
were identified and methods of tissue confirmation were documented. The outcome of inappropriate lobectomy for benign disease or inappropriate wedge resection 
for primary lung cancer was compared with respect to the pathologic diagnosis.
Findings: From July 2015 to February 2019, 502 patients were randomised and underwent surgery; 262 (52%) had a pre-operative pathologic confirmed diagnosis of 
primary lung cancer, 205 did not have a pre-operative biopsy and 35 had a non-diagnostic pre-operative biopsy.
Of the 240 participants without pre-operative pathologic confirmation of primary lung cancer, intraoperative biopsy and frozen section analysis was undertaken in 
144 (60%). The remaining 96 underwent direct surgical resection without tissue confirmation (19% of the entire cohort). Confirmation of histologic diagnosis before 
surgery was less costly than diagnosis in the operating theatre. The inappropriate surgery rate was 3.6% (18/502 participants, 7 lobectomy for benign disease, 11 
wedge resection for lung cancer).
Interpretation: Low levels of inappropriate resection can be achieved at pre-operative tissue confirmation rates of 50% through a combination of intra-operative 
confirmatory biopsy and correct risk estimation of lung cancer. Practice needs to be monitored to ensure acceptable levels are consistently achieved.

1. Introduction

Pathologic confirmation of lung cancer has important implications 
for the selection of sequencing and planning for multimodality man
agement where treatment decisions differ according to cell type, genetic 
mutation, translations, and cell surface markers. Authors of the National 

Lung Cancer Audit Report 2018 stated a UK target of 90% pathologic 
confirmation rate for patients with good performance status (PS 0–1) 
with stage I-II lung cancer [1]. The rationale of tissue confirmation (over 
“clinical” diagnosis per se) was stated as the need to confirm the diag
nosis, origin and sub-type of cancer as well as the molecular profile. In 
suspected early-stage lung cancer however, the impact of lobectomy 
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without tissue confirmation has not been well studied and remains 
uncertain.

Using data collected prospectively within the context of a national 
multi-centre randomised trial, we sought to assess practice across 
participating sites to quantify the proportion of participants who were 
correctly diagnosed with (or without) primary lung cancer pathologi
cally and were managed appropriately. We also aimed to define the 
proportion of patients in whom a pre-operative diagnosis was unknown 
and identify how this was managed.

2. Materials and methods

VIOLET is a randomised trial comparing the outcomes of minimally 
invasive video-assisted thoracic surgery (VATS) versus open surgery for 
known or suspected lung cancer with a primary endpoint of physical 
functioning at 5 weeks. The trial protocol and results have been pub
lished [2–4].

Entry of patients was screened by the local (site specific) multi- 
disciplinary team (MDT) and no restrictions were placed on the diag
nostic pathway for potential participants with suspected but not path
ologically confirmed cancer. Two groups of patients were identified as 
eligible for VIOLET: a) patients for whom the MDT confirmed the need 
for lobectomy (i.e. patients with proven primary lung cancer, or without 
pre-operative tissue diagnosis because a biopsy was deemed not possible 
or not required) and b) patients for whom the MDT recommended a 
biopsy with the option to proceed to lobectomy (principally by VATS 
biopsy and on-site frozen section analysis and real-time reporting) if 
lung cancer was confirmed.

The outcome of this study was the appropriate extent of surgery with 
respect to the pathologic diagnosis. This is defined as diagnostic wedge 
resection only for benign disease (but not for primary lung cancer) and 
lobectomy for primary lung cancer (but not for benign disease). As a 
quality standard for the MDT decision (on recommendation of surgery in 
patients without a pre-operative diagnosis), we stated an a-priori 
expectation that less than 4% of participants would receive lobectomy 
for benign disease, a figure proposed and monitored by the trial Data 
Monitoring and Safety Committee (DMSC). This figure was based on the 
results of a previous RCT by Bendixen et al that reported a benign lo
bectomy rate of 1.9% (4/206), and the DMSC considered it “unaccept
able” to exceed this number by a factor of two [5].

We also considered the costs associated with diagnosis. All biopsies 
undertaken (endobronchial ultrasound (EBUS) biopsy, image guided 
biopsy and/or biopsy and frozen section analysis and whether the 
participant went on to receive definitive surgery or not) were identified 
and costed for each participant regardless of whether the biopsies ach
ieved a diagnostic result or not (see Online Appendix 1 for details of unit 
costs), and average costs per participant for each pathway were 
estimated.

3. Results

From July 2015 to February 2019, a total of 2,109 patients were 
screened across nine centres to obtain 503 patients who were eligible 
and consented to participate in VIOLET. One participant withdrew from 
the trial completely prior to surgery so is excluded from the following 
tables and figures. Of the remaining 502 participants, 486 (97%) had 
both a pre-operative computerised tomography (CT) and positron 
emission tomography and CT (PET-CT), eight had a CT alone and eight 
received a PET-CT alone. Fifty-nine percent of participants (297/502) 
had a pre-operative biopsy attempted; 242 had an image guided biopsy, 
and 64 had a bronchoscopy/EBUS (8 participants had both image- 
guided and EBUS biopsies). Two hundred and sixty-two of these bi
opsies led to a pre-operative pathologic confirmed diagnosis of primary 
lung cancer (262/502, 52%), with the remaining 35 being non- 
diagnostic. The other 205/502 (41%) participants did not have a pre- 
operative biopsy.

The baseline characteristics and histological types of participants 
under each biopsy pathway are presented in Table 1.

Of the 240 participants who entered the operating theatre without 
pathologic confirmation of primary lung cancer, biopsy and frozen 
section analysis was undertaken in 144 (60%) participants. In the 
remaining 96 (19% of the entire cohort), surgery was undertaken 
without tissue confirmation (92 lobectomy, three wedge resection, one 
segmentectomy). Of the 144 participants in whom a biopsy and frozen 
section was performed, a diagnostic result was achieved in 139 (97%); 
cancer was confirmed in 107/139 participants and a benign result was 
reported in 32/139 participants (of which two were subsequently 
confirmed as cancer). In the five participants in whom a diagnostic result 
was not obtained the surgeons proceeded to lobectomy.

Fig. 1 details all possible permutations of the biopsy pathway and 
outcomes for the 502 participants. The overall lobectomy rate for benign 
disease in the trial was 1.4% (7 participants). The rate of wedge resec
tion for lung cancer was 2.2% (11 participants), giving an overall rate of 
inappropriate surgery of 3.6% (18/502 participants). Although the 
protocol stipulated lobectomy for primary lung cancer, wedge resections 
could have been performed in situations where the primary lung cancer 
was not overtly invasive (e.g. adenocarcinoma in situ, minimally inva
sive adenocarcinoma) or (appropriately) for secondary lung cancer. We 
are aware of two of these cases of wedge resection being performed for 
non-primary lung cancer, but we did not have access to the reasons 
behind the decision making in all cases.

The average cost for each biopsy pathway for all participants is also 
included in Fig. 1. Average costs of diagnosis were lower for participants 
who had pre-operative pathologic confirmation of primary lung cancer 
than for those whose diagnosis was confirmed in the operating theatre.

New secondary cancer was reported in three (0.6%) participants 
consisting of pancreatic adenocarcinoma, breast, and colorectal cancers. 
Of these three participants, one had a pre-operative pathologic diagnosis 
of non-small cell lung cancer adenocarcinoma and then proceeded to 
lobectomy, and two proceeded straight to lobectomy.

Table 1 
Baseline characteristics and histological types.

Characteristic Cancer 
confirmed on 
pre-operative 
biopsy (n ¼ 262)

Cancer not confirmed on pre- 
operative biopsy (n ¼ 240)

Frozen 
section 
attempted (n 
¼ 144)

No frozen 
section 
attempted (n 
¼ 96)

Age (years) 69 (8.8) 68 (9.7) 70 (7.4)
Male 131/262 (50.0%) 75/144 

(52.1%)
43/96 (44.8%)

cT stage ​ ​ ​
​ 1a 14/262 (5.3%) 24/144 

(16.7%)
3/96 (3.1%)

​ 1b 70/262 (26.7%) 56/144 
(38.9%)

37/96 (38.5%)

​ 1c 70/262 (26.7%) 40/144 
(27.8%)

24/96 (25.0%)

​ 2a 62/262 (23.7%) 20/144 
(13.9%)

15/96 (15.6%)

​ 2b 19/262 (7.3%) 1/144 (0.7%) 9/96 (9.4%)
​ 3 27/262 (10.3%) 3/144 (2.1%) 8/96 (8.3%)
cN stage ​ ​ ​
​ 0 241/262 (92.0%) 138/144 

(95.8%)
91/96 (94.8%)

​ 1 21/262 (8.0%) 6/144 (4.2%) 5/96 (5.2%)
Pre-operative 

histological type
​ ​ ​

​ Adenocarcinoma 169/262 (64.5%) 1/144 (0.7%) 2/96 (2.1%)
​ Squamous 

carcinoma
61/262 (23.3%) 0/144 (0.0%) 1/96 (1.0%)

​ Other 30/262 (11.5%) 0/144 (0.0%) 0/96 (0.0%)
​ Baseline histology 

not confirmed
2/262 (0.8%) 143/144 

(99.3%)
93/96 (96.9%)

Data are presented as mean (SD) or n/N (%).
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4. Discussion

The results of our work suggest low levels of inappropriate resections 
can be achieved with pre-operative tissue confirmation rates of 52%. We 
found an inappropriate surgery rate of 3.6% and a benign resection rate 
of 1.4%, below the 4% threshold stipulated at the start of the trial. From 
a cost perspective, average costs were lower for participants who had 
pre-operative pathological confirmation of their lung cancer.

Whilst pathologic confirmation was achieved in 89% of patients 
across the UK in the audit period of 2017, in line with the National Lung 
Cancer Audit Report authors UK target of 90% [1], the pre-operative 
tissue confirmation rate in VIOLET (52%) is well below the national 
89% achievement, suggesting that the audit findings might be more 
reflective of end of treatment pathologic confirmation rather than pre- 
treatment tissue diagnosis (at a time point that influences patient se
lection for treatments).

Many patients with surgically resectable stage I or II disease (more 
than 52%) [6] do not present with lymph node involvement and 
therefore do not have the option of bronchoscopy and needle aspiration 
(to confirm primary lung cancer and obtain tissue for staging). Confir
matory tissue diagnosis prior to surgery therefore is commonly achieved 
for peripherally sited lesions by percutaneous CT biopsy.

If the lesion is deep seated (inaccessible) or percutaneous biopsy 
cannot be performed for any other cause, two common management 
options are employed. If the pre-treatment risk of malignancy is low, a 
surgical biopsy (with on-site frozen section analysis) is often considered 
prior to formal lung resection to confirm primary lung cancer, and if the 
pre-treatment risk of primary lung cancer is very high, or surgical biopsy 
cannot be performed for technical or patient factors, then a lobectomy is 
undertaken without tissue confirmation of primary lung cancer.

National benchmarks for the optimum pre-treatment diagnostic tis
sue confirmation rate should be considered against what is to be ach
ieved. If it is to minimise inappropriate resections, results from VIOLET 
suggest the standard of care across UK MDTs and participating thoracic 
surgeons are sufficiently high (benign resection rate of 1.4%) despite 
pre-treatment tissue confirmation rate of 52%. This was achieved 
through biopsy prior to formal lung resection and correctly estimating 

(high) risk where lobectomy was performed without tissue confirmation 
(19% of our cohort). To frame the figure to a point of reference, in the 
Danish VATS lobectomy RCT, the benign resection rate was 1.9% (4/ 
206) [5]. Real-world data from the United States also showed a low level 
of inappropriate resection with a pre-treatment tissue confirmation rate 
of 52% [7]. Lobectomy was performed without tissue confirmation in 
26% (698/2651) of their cohort and the benign resection rate was 2.6% 
(70/2651). It becomes harder to define what an acceptable benign or 
inappropriate resection rate might be, but it is not possible nor reason
able to assume that it should be 0%. Even with pre-operative tissue 
“confirmed” diagnosis, the benign resection rate was 0.4% (1/262) 
when the final pathology was reported.

To delve further into discussions, we need to consider the definition 
of “benign”. In the 2011 International Association for the Study of Lung 
Cancer (IASLC)/ American Thoracic Society (ATS)/ European Respira
tory Society (ERS) reclassification of adenocarcinoma, new sub-sets of 
non-invasive disease (atypical adenomatous hyperplasia, adenocarci
noma in situ and minimally invasive adenocarcinoma) were identified 
[8]. Currently uncertainty exists with regards to the need for a lobec
tomy, a question currently being investigated in other clinical trials 
[9,10]. In our series, 298 participants were diagnosed with adenocar
cinoma and of these eight (3%) did not proceed to lobectomy. However, 
a limitation of this study is we cannot determine how many of these 
participants had non-invasive adenocarcinoma to report the lobectomy 
rate in this sub-set as we were unable to access pathology reports.

Average costs of diagnosis for participants who had pre-operative 
pathologic confirmation of primary lung cancer were 30% lower 
compared to those whose diagnosis was confirmed in the operating 
theatre (£820 compared to £1,496). While diagnosis in theatre without 
subsequent surgery occurred in only 6% (31/502 participants), it is very 
much more expensive (£3,871 per participant). From a cost perspective, 
diagnosis should be confirmed pre-operatively, whenever possible.

The work for this study was undertaken in the era prior to licensing 
and widespread use of neo-adjuvant and peri-operative chemo- 
immunotherapies that mandate tissue confirmation and molecular an
alyses prior to surgery which limits the generalisability to the cohort of 
patients who would not currently qualify (tumours less than 4cm 

Fig. 1. Biopsy pathways and outcomes for VIOLET participants who underwent surgery*. *Surgeries for outcomes in red/orange text are inappropriate (red for 
a participant with benign disease undergoing lobectomy, orange for a participant with cancer undergoing wedge resection). (For interpretation of the references to 
colour in this figure legend, the reader is referred to the web version of this article.)
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without lymph node involvement). Other limitations are we did not 
collect reasons why pre-operative biopsies were not attempted so are 
unable to explain why a high percentage of participants did not undergo 
pre-operative histological confirmation of their lung cancer, we did not 
have access to reasons behind surgical decision making in all cases, and 
we did not mandate the pre-operative staging with CT and PET-CT was 
required.

5. Conclusions

In early-stage lung cancer, standards for pre-operative tissue 
confirmation rates should be set to achieve low levels of inappropriate 
lung resection. The results from VIOLET suggest low levels of inappro
priate resection can be achieved at pre-surgical tissue confirmation rates 
of 50% through a combination of intra-operative confirmatory biopsy 
and correct risk estimation of lung cancer. If biopsy is required, it is less 
costly to undertake it before surgery. Our recommendations would need 
to be monitored by formal audit to ensure acceptable levels are consis
tently achieved across multi-disciplinary teams caring for patients with 
suspected primary lung cancer.
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