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Background: Chemoradiotherapy with durvalumab consolidation has yielded excellent results in stage III non-small-cell
lung cancer (NSCLC). Therefore, it is essential to identify patients who might benefit from a surgical approach.
Material and methods: Data from 437 patients with operable stage III NSCLC enrolled in four consecutive Swiss Group
for Clinical Cancer Research (SAKK) trials (16/96, 16/00, 16/01, 16/08) were pooled and outcomes were analyzed in 431
eligible patients. All patients were treated with three cycles of induction chemotherapy (cisplatin/docetaxel), followed
in some patients by neoadjuvant radiotherapy (44 Gy, 22 fractions) (16/00, 16/01, 16/08) and cetuximab (16/08).
Results: With a median follow-up time of 9.3 years (range 8.5-10.3 years), 5- and 10-year overall survival (OS) rates
were 37% and 25%, respectively. Overall, 342 patients (79%) underwent tumor resection, with a complete resection
(R0) rate of 80%. Patients (n ¼ 272, 63%) with R0 had significantly longer OS compared to patients who had
surgery but incomplete resection (64.8 versus 19.2 months, P < 0.001). OS for patients who achieved pathological
complete remission (pCR) (n ¼ 66, 15%) was significantly better compared to resected patients without pCR (86.5
versus 37.0 months, P ¼ 0.003). For patients with pCR, the 5- and 10-year event-free survival and OS rates were
45.7% [95% confidence interval (CI) 32.8% to 57.7%] and 28.1% (95% CI 15.2% to 42.6%), and 58.2% (95% CI 45.2%
to 69.2%) and 45.0% (95% CI 31.5% to 57.6%), respectively.
Conclusion: We report favorable long-term outcomes in patients with operable stage III NSCLC treated with
neoadjuvant chemotherapy with cisplatin and docetaxel � neoadjuvant sequential radiotherapy from four
prospective SAKK trials. Almost two-third of the patients underwent complete resection after neoadjuvant therapy.
We confirm R0 resection and pCR as important predictors of outcome.
Key words: operable stage III non-small-cell lung cancer, neoadjuvant therapy, surgery, long-term outcomes, prognostic
factors
INTRODUCTION

Five-year overall survival (OS) rates of stage III non-small-
cell lung cancer (NSCLC) range from 13% (IIIC) to 36%
(IIIA).1 Treatment approaches vary considerably depending
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on tumor size, invasion of local structures, and extent of
ipsilateral mediastinal lymph node involvement. While in
patients with N3 disease definitive concurrent chemo-
radiation remains the standard of care, controversy exists in
the treatment of stage IIIA disease, particularly for patients
with T1-2 and non-invasive T3 N2. In these patients, either
multimodal approaches consisting of neoadjuvant chemo-
therapy � radiotherapy followed by surgery (bi- or trimodal
concepts) or definitive concurrent chemoradiation are valid
treatment options. The key question at multidisciplinary
boards for patients with stage III N2 NSCLC is resectability
https://doi.org/10.1016/j.esmoop.2022.100455 1
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for which currently no standardized definition exists. For
patients with unresectable stage III NSCLC, concurrent
chemoradiation followed by consolidation immunotherapy
with the programmed death-ligand 1 (PD-L1) inhibitor
durvalumab has emerged as the new standard of care,
based on the results from the PACIFIC trial.2 The 4-year OS
rates with durvalumab and placebo were 50% versus 36%
[hazard ratio (HR) 0.71].3

For operable stage III NSCLC, the Swiss Group for
Clinical Cancer Research (SAKK) has been investigating
the optimal treatment management since 1996 in five
consecutive studies including one phase III trial (SAKK
16/00).4-8 In all studies, patients received three cycles of
identical neoadjuvant chemotherapy with cisplatin and
docetaxel. In arm A of SAKK 16/00, in SAKK 16/01, and
SAKK 16/08, patients received immediately after
completion of chemotherapy a course of preoperative
accelerated radiotherapy to 44 Gy in 22 fractions over 3
weeks. Furthermore, SAKK 16/08 investigated the addi-
tion of cetuximab to preoperative chemoradiotherapy.
All studies recruited only patients who were considered
potentially resectable at the time of diagnosis as
assessed by a multidisciplinary board. Importantly, many
patients enrolled in these trials may be considered non-
resectable today by various treating teams due to multi-
level N2, bulky mediastinal lymph nodes, or even N3
involvement.

While the advent of immune checkpoint inhibitors
(ICIs) in treating cancers has changed the therapeutic
strategy in unresectable stage III NSCLC,2 for operable
NSCLC, data from phase II trials and one phase III trial
suggest that incorporation of ICIs before surgery is safe
and promising.9-13 Several randomized phase III trials
investigating the use of ICIs in the neoadjuvant or adju-
vant setting are currently ongoing or have been pub-
lished. Furthermore, the results of treatment with
adjuvant atezolizumab in resected stage IB-IIIA NSCLC
have been published recently demonstrating an improved
disease-free survival in the PD-L1-positive population,
including stage IIIA patients.14 Results from all these trials
in operable stage III patients including ICIs, however, are
relatively recent and no long-term survival outcomes
have been reported. Similarly, outcomes from the PACIFIC
trial in inoperable stage III patients beyond 5 years are
also unknown.

A previous pooled analysis by our group including data
from the SAKK 16/96, 16/00, and 16/01 studies reported
favorable 10-year survival rates of 29% in stage IIIA and 27%
in stage IIIB.15 Comparable long-term results have been
achieved with a trimodal treatment concept in the
GermaneFrench trial CISTAXOL (10-year survival of
26%, ranging from 37% in IIIA N2 to 18% in IIIB)16 also in the
pre-immunotherapy era.

Herein we report an updated long-term efficacy analysis
from the pooled SAKK 16/96, 16/00, and 16/01 studies,
including patients from the recent SAKK 16/08 study. In
addition, prognostic factors associated with improved out-
comes were explored.
2 https://doi.org/10.1016/j.esmoop.2022.100455
MATERIAL AND METHODS

Study design and treatment

The detailed study designs, inclusion and exclusion
criteria, and methods of the SAKK 16/96, 16/00, 16/01,
and 16/08 studies have been previously published.4-7 In
brief, these studies were designed for operable stage III
NSCLC, both stage IIIA N2 and IIIB. Patients were treated
with three cycles of neoadjuvant chemotherapy (cisplatin
100 mg/m2 and docetaxel 85 mg/m2, given once every 3
weeks) followed by surgery (bimodal therapy group), or
neoadjuvant chemotherapy followed by radiotherapy (44
Gy in 22 fractions in 3 weeks with accelerated concomi-
tant boost radiotherapy) (trimodal therapy group). Pa-
tients in 16/08 received concomitant cetuximab (loading
dose with 400 mg/m2, followed by 250mg/m2 weekly)
during both chemo- and radiotherapy. Surgery in all
studies included an anatomical tumor resection with
mediastinal lymph node dissection as described by Martini
et al.17 All four studies were done in accordance with the
Declaration of Helsinki and the guidelines on Good Clinical
Practice. The protocols were approved by local ethics
committees. Written informed consent was obtained for
every patient.
Patient population

Overall, 437 patients were enrolled in these four trials: 90
patients in 16/96, 232 in 16/00, 46 in 16/01, and 69 in 16/
08. The trials were conducted consecutively. The first pa-
tient was included in April 1997, the last, in January 2016.
Patients were pathologically staged with mediastinoscopy
or (once available) with endobronchial ultrasound. Only
62% of patients had staging with 18F-fluorodeoxyglucose
(FDG) positron emission tomography-computed tomogra-
phy (PET/CT), as introduction in clinical practice was only in
the early 2000s. The details on staging procedures have
been described in the respective studies. SAKK 16/01 and
16/08 enrolled patients with T4 N0-3 or T1-4 N3 (excluding
malignant pleural or pericardial effusion, invasion of the
aorta, esophagus, myocardium, and supraclavicular, scalene
N3 nodes, or with satellite lesions in the same lobe),
whereas SAKK 16/96 and 16/00 included T1-3 N2 patients
only. The then used fifth (16/96) and sixth tumorenodee
metastasis (TNM) staging edition (16/00, 16/01, and 16/08)
were transferred for the current analysis to the seventh
version to make the results more comparable with the
recent literature. Tumor stages of patients who were
initially T2 were transferred to T2*-T3* according to their
baseline tumor size measurements (T2*: 3 cm < size � 7
cm, T3*: size > 7 cm). Patients who had separate tumor
nodules in the same lobe (satellite lesions within the same
lobe) were shifted from T4 to T3*. For the present analysis,
six patients were excluded: two patients were retrospec-
tively detected to have stage IV disease at diagnosis and the
others had stage IIB disease with the adapted seventh TNM
staging edition.
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Outcomes

Response and follow-up assessments for each of the four
SAKK studies were carried out according to the specific
study protocol. All patients were followed for OS and
event-free survival (EFS). For the present analysis, survival
data have been updated. Data cut-off was 8 February
2021.

Endpoints of the pooled analysis were OS and EFS at
defined timepoints (1, 2, 3, 4, 5, and 10 years) as well as
median OS and median EFS, in the overall population, in
patients who had tumor resection, in patients with stage
IIIA and IIIB, and in patients with resected stage IIIA N2 (T1-
3 N2) disease. OS was the interval from the date of regis-
tration or randomization until the date of death from any
cause. For comparison between groups, survival curves
were evaluated from the date of surgery. EFS was defined as
the time from registration or randomization to objective
tumor progression or relapse, secondary tumor (only in 16/
00), or death due to any cause, whichever occurred first.
Patients who did not experience an event were censored at
the time of last known survival if they were alive. The
definition of pathological complete remission (pCR) was
transferred from each trial: pCR was defined as �95% ne-
crosis or fibrosis in the SAKK 16/96 study and absence of
tumor cells (0%) in the other studies.

Additionally, we analyzed potentially prognostic factors
for complete resection (R0) and pCR using univariable
logistic regression. This analysis included age (continuous
variable, and with a cut-off of <70 versus �70 years), sex
(male versus female), smoking status (never versus current
and former smokers; never smokers: < 100 cigarettes per
lifetime, current smokers: active smokers, former smokers:
ex-smokers; all at study inclusion), Eastern Cooperative
Oncology Group (ECOG) performance status (0 versus 1
and 2), histology (squamous cell versus non-squamous cell
carcinoma), stage IIIA versus IIIB, T-stage (T1 and T2 versus
T3 and T4), treatment modality (bimodal versus trimodal),
and advanced versus non-advanced stage III disease
characteristics (advanced was defined as N3- or multiple
nodal involvement or presence of a mediastinal nodal bulk
of �5 cm). Furthermore, we analyzed whether there was
an association of dynamic standardized FDG uptake value
(SUV) changes from the initial to the preoperative PET/CT.
Overall, PET-SUV were retrievable and digitally assessable
from 128 patients, including 61 patients with matched
pretreatment (¼ timepoint 1) and pre-surgery (¼ time-
point 2) PET/CTs. SUV was analyzed in the primary tumor.
Analyzed SUV included SUV maximum, SUV minimum, SUV
median, and SUV mean. For patients with paired PET/CTs,
the following values were then calculated: the difference
between SUV at timepoint 2 and timepoint 1 for SUV
maximum (Delta SUV maximum), SUV median (Delta SUV
median), and SUV mean (Delta SUV median), as well as the
percentage of the residual SUV maximum (% SUV
remaining ¼ SUV maximum timepoint 2/SUV maximum
timepoint 1).
Volume 7 - Issue 2 - 2022
Statistical analyses

Patients’ characteristics were summarized by median and
range for continuous variables and by frequency and pro-
portion for categorical variables. Time-to-event endpoints
were analyzed using the KaplaneMeier method along with
its corresponding 95% confidence interval (CI) based on the
logelog approach. Between-group survival curves and rates
were compared using the log-rank test and the Kaplane
Meier method at a specific time point, respectively. Uni-
variable logistic regression was used to investigate the as-
sociation between binary outcomes and factors. Statistical
significance was set at P < 0.05. All statistical analyses were
carried out using SAS version 9.4 (SAS Institute Inc., Cary,
NC) and R v4.1.0.

RESULTS

Patient population and treatment

A total of 431 patients were included in our pooled analysis.
Patient demographics and disease characteristics are sum-
marized in Table 1. Median age was 59.8 years (range 28-76
years). Most patients were male (71%), current or former
smokers (92%), and had an ECOG performances status of
0 (66%). Tumors were classified as adenocarcinoma (39%),
squamous cell carcinoma (37%), large cell carcinoma (8%),
and 17% were defined at the time as poorly differentiated
NSCLC. Overall, 354 patients (82%) had stage IIIA and 77
(18%) had stage IIIB disease. Most patients were diagnosed
with N2 disease (81%), whereas 11% had N3 disease.
Overall, 79 (18%) patients had advanced stage III charac-
teristics according to the aforementioned definition. Over-
all, 202 patients (47%) were assigned to the bimodal
therapy group, and 229 patients (53%) to a trimodal ther-
apy group. Of the 431 patients, 342 (79%) had surgery with
tumor resection, of whom 80% (272 patients) had complete
surgical resection. Among all resected patients, pCR was
achieved in 66 patients (19%). Reasons for not having sur-
gery (n ¼ 89) were tumor progression (n ¼ 38, 43%), death
(n ¼ 5, 6%), complications or toxicities leading to study
drop-out (n ¼ 5, 6%), withdrawal of study consent (n ¼ 6,
6%), and other reasons (n ¼ 35, 39%). Among the 342
patients who had tumor resection, 33% had pneumonec-
tomy and the rest had lesser-extent surgeries. The R0
resection rate of each SAKK trial is presented in
Supplementary Table S1 (available at https://doi.org/10.
1016/j.esmoop.2022.100455). For patients with stage IIIA,
complete resection was achieved in 80%. For the subset of
patients with stage IIIB, 58 out of 77 patients (75%) un-
derwent tumor resection, with R0 resection in 45 patients
(78%).

Efficacy

At the data cut-off for this analysis (8 February 2021), the
median duration of follow-up was 9.3 years (95% CI 8.5-10.3
years), 317 of 431 patients (74%) had died, and 92 patients
(21%) remained free from recurrence. Twenty-two patients
https://doi.org/10.1016/j.esmoop.2022.100455 3
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Table 1. Patient’s demographics and disease characteristics

Overall (N [ 431)

Trial, n (%)
- SAKK 16/96 88 (20.4)
- SAKK 16/00 231 (53.6)
- SAKK 16/01 43 (10.0)
- SAKK 16/08 69 (16.0)

Therapy group, n (%)
- Bimodal 202 (46.9)
- Trimodal 229 (53.1)

Age (years)
- median (min, max) 59.8 (28.0-76.0)

Age group, n (%)
- �70 years 38 (8.8)
- <70 years 393 (91.2)

Sex, n (%)
- Female 126 (29.2)
- Male 305 (70.8)

Smoking status, n (%)
- Current smokers 149 (34.6)
- Former smokers 249 (57.8)
- Never smokers 32 (7.4)
- Missing data 1 (0.2)

Smoking burden (pack-years)a

- median (min, max) 45 (3-182)
Histological subtype, n (%)

- Adenocarcinoma 166 (38.5)
- Squamous cell carcinoma 158 (36.7)
- Large cell carcinoma 34 (7.9)
- Poorly differentiated NSCLC 71 (16.5)
- Not otherwise specified 2 (0.5)

ECOG performance status, n (%)
- 0 285 (66.1)
- 1 145 (33.6)
- 2 1 (0.2)

Weight lossb, n (%)
- <5% 198 (45.9)
- �5% 72 (16.7)
- Missing data 161 (37.4)

Nodal status (TNM seventh edition), n (%)
- N0 32 (7.4)
- N1 4 (0.9)
- N2 347 (80.5)
- N3 48 (11.1)

T-stage (TNM seventh edition), n (%)
- T1 51 (11.8)
- T2 170 (39.4)
- T3 144 (33.4)
- T4 66 (15.3)

UICC stage (TNM seventh edition), n (%)
- IIIA 354 (82.1)
- IIIB 77 (17.9)

ECOG, Eastern Cooperative Oncology Group; NSCLC, non-small-cell lung cancer;
SAKK, Swiss Group for Clinical Cancer Research; TNM, tumorenodeemetastasis;
UICC, International Union Against Cancer (Union Internationale Contre le Cancer).
aData collected for 389 patients.
bData collected only for patients from SAKK 16/00 and SAKK 16/01 trials.
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(5%) were lost to follow-up. Death was due to tumor pro-
gression in 233 patients (74%), secondary malignancies in
12 patients (4%), and not tumor-related in 51 patients
(16%). The median OS in the overall population was
27.1 months (95% CI 22.6-34.9 months) (Figure 1 and
Supplementary Table S2, available at https://doi.org/10.
1016/j.esmoop.2022.100455). The 1-, 2-, 5-, and 10-year
OS rates were 75% (95% CI 71% to 79%), 54% (95% CI
49% to 58%), 37% (95% CI 32% to 41%), and 25% (95% CI
21% to 30%), respectively. At the time of data cut-off, 339
4 https://doi.org/10.1016/j.esmoop.2022.100455
EFS events (79%) had occurred and the median EFS was
12.3 months (95% CI 10.1-14.5 months) (Figure 1). EFS at 1,
2, 5, and 10 years were 50% (95% CI 46% to 55%), 36% (95%
CI 31% to 40%), 24% (95% CI 20% to 28%), and 15% (95% CI
11% to 20%), respectively. Among the 280 patients with
tumor relapse, 163 patients (58%) had distant relapse, 82
had locoregional relapse (29%), and 35 patients (13%)
presented with both distant and locoregional relapse.

Outcomes were significantly improved if patients had R0
resection (P < 0.001) or if pCR was achieved (P ¼ 0.002).
Among patients who had R0 resection, the median OS was
64.8 months (95% CI 47.0-81.9 months), which was signifi-
cantly higher than that for patients without complete
resection (19.2 months, 95% CI 15.2-22.5 months) (Figure 2
and Supplementary Table S3, available at https://doi.org/
10.1016/j.esmoop.2022.100455). Likewise, EFS was longer
for patients with R0 resection (median EFS, 23.6 versus 10.0
months; P < 0.001) compared with patients who were
incompletely resected (Figure 2 and Supplementary Table S4,
available at https://doi.org/10.1016/j.esmoop.2022.
100455). Five- and 10-year OS rates for patients with com-
plete resection were 50.9% and 37.7%, respectively, while
15.5% and 2.8% for patients without R0 resection. Of the 66
resected patients who had pCR, the median EFS was 50.6
months (95%CI 23.5-85.0months), compared to 14.9months
(95% CI 12.7-18.3 months) in patients with residual tumor
(P ¼ 0.002) (Figure 3). The median OS was significantly
improved for patientswith pCR (86.5 versus 37.0months; P¼
0.003) (Figure 3). In these patients, the 5- and 10-year EFS
rates were 45.7% (95% CI 32.8% to 57.7%) and 28.1% (95% CI
15.2% to 42.6%), respectively. Five- and 10-year OS rates
were 58.2% (95%CI 45.2% to 69.2%) and 45.0% (95%CI 31.5%
to 57.6%), respectively.

Both for OS (median OS, 27.4 versus 22.5 months, P ¼
0.952) (Supplementary Figure S1, available at https://doi.
org/10.1016/j.esmoop.2022.100455) and for EFS (median
EFS, 12.4 versus 12.0 months, P ¼ 0.454) (Supplementary
Figure S1, available at https://doi.org/10.1016/j.esmoop.
2022.100455) no significant difference was observed be-
tween patients with stage IIIA and IIIB disease.
Patients with stage IIIA N2 disease

In the overall population, 318 patients had stage IIIA N2
disease. Among those patients, 259 (82%) had surgery and
tumor resection. Median EFS was 12.3 months (95% CI 9.9-
14.8 months). Five- and 10-year EFS rates in stage IIIA N2
patients were 22.8% (95% CI 18.3% to 27.7%) and 15.3%
(95% CI 10.8% to 20.6%), respectively, and 5- and 10-year
OS rates were 36.8% (95% CI 31.4% to 42.1%) and 25.5%
(95% CI 20.2% to 31.0%), respectively. Among the 259 pa-
tients who had tumor resection, 193 (75%) had disease
recurrence and 178 (69%) have died. Median EFS was 18.4
months (95% CI 13.4-24.5 months) and median OS was 43.7
months (95% CI 33.5-59.3 months) (Supplementary
Figure S2, available at https://doi.org/10.1016/j.esmoop.
2022.100455). We could not detect any significant differ-
ence in comparison of EFS and OS for stage IIIA N2 patients
Volume 7 - Issue 2 - 2022

https://doi.org/10.1016/j.esmoop.2022.100455
https://doi.org/10.1016/j.esmoop.2022.100455
https://doi.org/10.1016/j.esmoop.2022.100455
https://doi.org/10.1016/j.esmoop.2022.100455
https://doi.org/10.1016/j.esmoop.2022.100455
https://doi.org/10.1016/j.esmoop.2022.100455
https://doi.org/10.1016/j.esmoop.2022.100455
https://doi.org/10.1016/j.esmoop.2022.100455
https://doi.org/10.1016/j.esmoop.2022.100455
https://doi.org/10.1016/j.esmoop.2022.100455
https://doi.org/10.1016/j.esmoop.2022.100455
https://doi.org/10.1016/j.esmoop.2022.100455
https://doi.org/10.1016/j.esmoop.2022.100455
https://doi.org/10.1016/j.esmoop.2022.100455
https://doi.org/10.1016/j.esmoop.2022.100455
https://doi.org/10.1016/j.esmoop.2022.100455
https://doi.org/10.1016/j.esmoop.2022.100455
https://doi.org/10.1016/j.esmoop.2022.100455
https://doi.org/10.1016/j.esmoop.2022.100455
https://doi.org/10.1016/j.esmoop.2022.100455
https://doi.org/10.1016/j.esmoop.2022.100455


/
/

/

/

/

/
///

/

//
//

///// / / /// ///// /////// ///////// //// // /// // / // /// / / ///// // // ///////// // // / / //
/ / /// // / / /////// /

// / / /

//

/

/

/

/
///

/
// //

///// ///////////////// /////////////// ///// /// /// / / /////// // ///////// // // / / //
// /// // / //////// /

// / / /

Time from registration (months)

O
ve

ra
ll 

su
rv

iv
al

 p
ro

ba
bi

lit
y

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216
0

0.25

0.5

0.75

1

# at risk
431 320 225 186 161 139 116 94 79 66 47 36 29 22 18 8 3 2 0

Median (95% CI)
27.1 (22.6-34.9)

A

/
/
/
/
//
///

/

/

/

//
///

/
/

/// // /////////// // // //////// /// / / ///////// / /// / / ///// /
/ /// / / / /

/ / / / / / / / / /

/

/
/
/
/
/////

/

/
/

// /// / / /// // ///////////// // /////////// / ////////// / /// / / ///// / //// / / / / / / / / / // / / /
/

Time from registration (months)

Ev
en

t−
fre

e 
su

rv
iv

al
 p

ro
ba

bi
lit

y

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192
0

0.25

0.5

0.75

1

# at risk
431 211 145 122 104 76 59 46 39 31 21 18 12 9 7 3 0

Median (95% CI)
12.3 (10.1-14.5)

B

Figure 1. Overall survival with median overall survival (months) (A) and event-free survival with median event-free survival (months) in the overall population (B).
CI, confidence interval.
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from the bimodal therapy group compared with the tri-
modal therapy group. Median EFS was 11.6 months for
the bimodal therapy approach and 12.8 months for the
Volume 7 - Issue 2 - 2022
trimodal concept containing radiotherapy (P ¼ 0.677). The
corresponding median OS was 26.2 and 37.2 months
(P ¼ 0.859), respectively.
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Figure 2. Overall survival with median overall survival (months) (A) and event-free survival with median event-free survival (months) (B) for patients with
complete resection (R0, Yes) and incomplete resection (R0, No).
CI, confidence interval; R0, complete surgical resection.
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Prognostic factors for R0 resection and pCR

Patients without the presence of advanced disease char-
acteristics were more likely to have pCR [odds ratio (OR)
6 https://doi.org/10.1016/j.esmoop.2022.100455
1.96, 95% CI 1.03-3.72] compared to patients with at least
one of the advanced stage factors (Supplementary Table S5,
available at https://doi.org/10.1016/j.esmoop.2022.100455).
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Figure 3. Overall survival with median overall survival (months) (A) and event-free survival with median event-free survival (months) (B) for patients who achieved
complete pathological remission (pCR, Yes) and those without (pCR, No).
CI, confidence interval; pCR, pathological complete remission.
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Patients with bimodal treatment approach were more likely
to have pCR (OR 1.80, 95% CI 1.04-3.11) compared to tri-
modal treatment. Patients with stage IIIA were less likely to
achieve pCR (OR 0.37, 95% CI 0.18-0.76) than stage IIIB.
Decrease of SUV median (OR 0.62, 95% CI 0.42-0.93) and of
SUV mean (OR 0.64, 95% CI 0.43-0.94) from baseline PET/CT
to preoperative PET/CT was prognostic for pCR. Among all
tested factors for R0 resection, bimodal therapy was asso-
ciated with a decreased likelihood of achieving a complete
resection (OR 0.61, 95% CI 0.41-0.90) compared to trimodal
(Supplementary Table S6, available at https://doi.org/10.
1016/j.esmoop.2022.100455).

In an exploratory analysis, decrease of SUV maximum of
>50% from pre- to post-induction therapy PET/CT was
associated with an improved survival (HR 0.28, 95% CI 0.13-
0.62) (data not shown).
DISCUSSION

In the present analysis we report an updated follow-up from
now four pooled SAKK studies including a total of 431 pa-
tients with a multimodal and interdisciplinary treatment
approach in operable stage III NSCLC including induction
chemotherapy � radiotherapy followed by surgery. With a
median follow-up of 9.3 years and the inclusion of the SAKK
16/08 study, we present favorable long-term outcomes with
5- and 10-year survival rates of 37% and 25%, respectively,
indicating a long-time cure in one out of four patients.
Comparison of our pooled analysis with contemporaneous
trials in a pre-immunotherapy era is presented in Table 2. It
is important to note that long-term outcomes of patients
with stage III NSCLC treated with regimens incorporating
ICIs either as consolidation after chemoradiotherapy or pre-
or post-operatively are still pending, and it will be crucial
that long-term follow-up beyond 5 years of these trials will
be reported similarly to our analysis to definitively deter-
mine the effect of ICIs on cure rates.

We were able to corroborate previous observations by
others and our own group demonstrating significantly
improved survival in patients whose tumors were
completely resected (median OS, 64.8 versus 19.2 months)
and in those who achieved complete pathological remission
(median OS, 86.5 versus 37.0 months).4,18,19 Patients with
complete surgical resection had excellent long-term survival
rates (5- and 10-year OS rates of 50.9% and 37.7%,
respectively). However, complete surgical resection was
possible only in 63% of the enrolled patient population.
Twenty-one percent of patients did not proceed to surgery,
mostly due to tumor progression under induction treat-
ment, and in 16% of patients, surgical resection was
incomplete. Patients with incomplete resection had poor
long-term outcomes (10-year OS rate of 2.8%). This obser-
vation emphasizes the importance of optimizing multimodal
treatment strategies especially for the 37% of patients not
achieving complete resection after induction therapy: these
include more effective induction treatment regimens
including ICIs, accurate preoperative patient selection to
avoid incomplete resection, or upfront selection of a non-
8 https://doi.org/10.1016/j.esmoop.2022.100455
surgical strategy of definitive radiochemotherapy followed
by ICIs.

With univariate logistic regression models, we then
aimed at identifying factors associated with R0 resection.
The only factor that resulted prognostic for complete sur-
gical resection in our model was trimodal compared to
bimodal treatment. This observation is likely driven by the
results of the SAKK 16/00 trial, where chemoradiotherapy
led to a 10% increase of the R0 resection rate over
chemotherapy alone (91% versus 81%). Consistent with our
results, patients in the ESPATUE trial who were randomized
after completion of chemoradiotherapy had a high R0
resection rate of 81%.20 However, it is important to point
out that the higher R0 resection rate in the chemo-
radiotherapy group of SAKK 16/00 did not translate into a
prolonged OS. Further research is needed to identify the
reasons why the improved R0 resection rate after trimodal
compared to bimodal treatment did not translate into
improved OS. Incidental irradiation of the heart has recently
been associated with increased cardiac toxicity and
increased non-cancer death rates.21 Radiation-induced
fibrosis might increase the difficulties to differentiate
post-treatment normal tissue effects from locoregional in-
field tumor recurrence in radiological follow-up imaging.
Advanced technologies such as conformal heart-avoiding
radiotherapy planning and FDG-PET/CT for follow-up
might address these issues in the future.

We were not able to identify other prognostic factors for
complete surgical resection. A significant number of pa-
tients in the SAKK 16 trials, although considered operable
by local trial surgeons, had rather advanced disease
including bulky nodal disease, multistation N2 lymph
involvement, or even stage IIIB N3 disease. While there was
a tendency of lower rates of R0 resections in patients with
advanced stage III disease, the difference was not signifi-
cant. Particularly for stage IIIA versus IIIB, the rate of
complete resection was nearly identical (80% versus 78%)
suggesting that disease stage may not primarily be the best
indicator to identify appropriate surgical candidates.
Furthermore, FDG-PET response to neoadjuvant treatment
was also not prognostic for R0 resection. Therefore, its
preoperative value for selecting appropriate surgical can-
didates remains unclear. This finding must be interpreted
with caution as only a minority of patients in the SAKK trials
had both baseline and preoperative FDG-PET/CT, and FDG-
PET/CT imaging protocols were not standardized across
institutions.

As the SAKK 16 trials were conducted over a period of
almost 20 years and during an era of considerable
improvement and innovation in diagnostic and surgical
procedures, we were able to compare the rate of complete
resection from the earlier to the later SAKK trials. While
complete resection was achieved in 55% of the patients
undergoing surgery in SAKK 16/96, the R0 resection rate
increased to 81% in the chemotherapy-alone arm of the
more recent SAKK 16/00.4,6 However, it remains unclear
whether the improvement can be attributed to better
diagnostic staging procedures (e.g. introduction of
Volume 7 - Issue 2 - 2022
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Table 2. Randomized phase III trials with a neoadjuvant surgical treatment approach in stage III NSCLC before the introduction of immune checkpoint
inhibitors

Trial
Recruitment
Number of
enrolled/surgery/
resected patients

Phase Stage TNM Treatment
arms

R0a pCRa OSb (number of
patients included in
the OS analysis per
arm)

OSc

SAKK 16 trials
1997-2016
n ¼ 431/342

II-III IIIA-N2
IIIB
TNM seventh

RCT > S
CT > S

272/342 (80%) 66/342 (19%) 5-year OS: 37% mOS:
27.1 months

Rosell et al.22

1989-1991
n ¼ 60/50/50

III IIIA-N2
Mountain
1986

S
CT > S

27/30 (90%)
23/27 (85%)

0/30 (0%)
1/27 (4%)

5-year OS: 0% versus
17% mOS: 10 versus
22 months

RTOG 89-0123

1990-1994
n ¼ 73/26/23

III IIIA-N2
Mountain
1986

CT > S > CT
CT > RT > CT

19/26 (73%) 4-year OS: 22%
versus 22% mOS:
19.4 versus 17.4
months (N ¼ 29/
N ¼ 32)

Stephens et al.24

1995-1999
n ¼ 48/7/4

III IIIA
IIIA-N2
Mountain
1986

RT
CT > S

2-year OS: 16%
versus 15% mOS:
11.2 versus 13.8
months

Intergroup 013925

1994-2001
n ¼ 396/164/155

III IIIA-N2
Mountain
1986

RCT > S
RCT

144/164 (88%) 29/164 (18%) 5-year OS: 27%
versus 20% mOS:
23.6 versus 22.2
months

EORTC 0894126

1994-2002
n ¼ 579/154/131

III IIIA-N2
TNM fifth

CT > RT
CT > S

77/154 (50%) 8/154 (5%) 5-year OS: 14%
versus 16% mOS:
17.5 versus 16.4
months (N ¼ 165/
N ¼ 167)

mOS: 15.4 months

GLCCG27

1995-2003
n ¼ 524/296/272

III IIIA-N2
IIIB
Mountain
1986

CT > RCT > S
CT > S > RT

182/296 (62%) 76/296 (26%)d 5-year OS: 21%
versus 18% mOS:
15.7 versus 17.6
months

WJTOG990318

2000-2005
n ¼ 60/51/49

III IIIA-N2
TNM sixth

RCT > S
CT > S

3/51 (6%) 3-year OS: 52%
versus 39% mOS:
39.6 versus 29.9
months

ESPATUE20

2004-2013
n ¼ 246/70/70

III IIIA-N2
IIIB
TNM sixth

CT > RCT > RCT
CT > RCT > S

66/70 (94%) 27/70 (39%) 5-year OS: 40%
versus 44%
(N ¼ 80/N ¼ 81)

5-year OS: 34%

Comparison with pooled analysis of SAKK 16 trials.
CT, chemotherapy; mOS, median overall survival; NSCLC, non-small-cell lung cancer; OS, overall survival; pCR, pathological complete remission; R0, complete surgical resection;
RCT, chemoradiation; RT, radiotherapy; S, surgery; SAKK, Swiss Group for Clinical Cancer Research; TNM, tumorenodeemetastasis.
aProportion of patients who had surgery.
bPatients who were randomized.
cIntention-to-treat population.
d>90% regression.
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FDG-PET/CT) or potential learning curve and better surgical
techniques over time.

The incorporation of ICIs into the multimodal treatment
of operable stage III NSCLC is likely to change future
treatment standards (Supplementary Table S7, available at
https://doi.org/10.1016/j.esmoop.2022.100455). SAKK 16/
148 and the NADIM trial,12 both phase II studies with a
neoadjuvant immunotherapy strategy including treatment
with an ICI, had excellent rates of complete surgical resec-
tion (93% and 100%, respectively) and high rates in long-
term outcome. It remains to be seen whether these
excellent results are attributed to neoadjuvant immuno-
therapy, preoperative patient selection, and/or improved
surgical expertise. Further studies will also show whether
additional treatment approaches are able to further
improve the efficacy of neoadjuvant therapy. The combi-
nation of a neoadjuvant immune checkpoint inhibitor with
Volume 7 - Issue 2 - 2022
immunomodulatory radiotherapy is currently investigated
by our group (SAKK 16/18, NCT04245514) as well as mul-
tiple phase III randomized trials.

In our pooled analysis, 19% of patients achieved pCR and
we were able to confirm previous findings that pCR was
associated with significantly improved outcomes.4,18,19 In
our univariate logistic regression model, patients with the
presence of advanced stage III disease characteristics, such
as N3-involvement, multiple nodal involvement, or bulky
nodal disease, were less likely to achieve a pCR. Surprisingly,
the probability of achieving pCR was higher for stage IIIB
than stage IIIA disease, indicating again, that stage per se
may not be a relevant selection criterion for a multimodal
approach including surgery. This counterintuitive finding
could be explained by the high rate of pCR of 29% in the
SAKK 16/08 trial that included mainly patients with TNM
seventh stage IIIB (66% of study patients with T3 or
https://doi.org/10.1016/j.esmoop.2022.100455 9
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T4 tumors). For all calculated dynamic FDG-PET-SUV,
a decrease in SUV median and a decrease in SUV mean
from pre- to post-induction therapy PET/CT were prognostic
for pCR, which appears biologically plausible. Interestingly,
a decrease in SUV maximum of >50% from pre- to
post-induction therapy PET/CT was associated with
improved OS. However, these findings must be interpreted
with caution due to the relatively low number of patients
with FDG-PET/CTs available for our logistic regression
analysis.

Our study has several strengths and limitations. This
pooled analysis combines a large, homogenous study pop-
ulation of patients with operable stage III NSCLC treated in a
multicentric setting over approximately two decades using
the same neoadjuvant chemotherapy backbone. We
demonstrated that intense neoadjuvant chemotherapy with
cisplatin and docetaxel � radiotherapy is safe in fit patients
and effective resulting in a pCR rate of 19%. Although for
IIIA N2 patients we observed similar survival for patients
who underwent trimodal versus bimodal treatment (me-
dian OS 37.1 versus 26.2 months; P ¼ 0.859), it is note-
worthy that the approach of the SAKK 16 trials included the
application of sequential preoperative radiotherapy instead
of the more commonly used concurrent chemoradiotherapy
approach. We previously showed that sequential hyper-
fractionated administration of preoperative radiotherapy
was not associated with increased mortality rates.15

Conclusions

In summary, combined modality treatment including in-
duction chemotherapy � radiotherapy followed by surgery
results in long-term disease control in 25% of patients after
10 years. Our analysis underscores the importance of
interdisciplinary evaluation and determination of treatment
strategy to identify the patients who benefit from a surgical
approach. In the absence of sufficiently defined objective
pre-therapeutic prognostic factors, the evaluation by an
experienced multidisciplinary treating team is crucial.
Pathological complete response and complete surgical
resection are essential prognostic factors for outcome. Our
results emphasize the importance of implementing highly
active preoperative treatment regimen resulting in high pCR
rates in future studies and underpin the need for identifi-
cation of pre-treatment factors associated with R0 resection
as well as identification of factors favoring a non-surgical
treatment strategy.
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