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ABSTRACT

Objectives: Patients with advanced stage non-small cell lung cancer (NSCLC) are generally considered incurable.
The mainstay of treatment for these patients is systemic therapy. The addition of local treatment, including
surgery, remains controversial. Oligoprogression is defined as advanced stage NSCLC with limited progression of
disease after a period of prolonged disease stabilisation or after a partial or complete response on systemic
therapy. In this retrospective study we evaluated outcome and survival of patients who underwent a resection for
oligoprogression after systemic therapy for advanced stage NSCLC.

Materials and Methods: Patients with oligoprogression after systemic treatment for advanced NSCLC who were
operated in the Antoni van Leeuwenhoek Hospital were included. Patient and treatment characteristics were
collected in relation to progression free survival (PFS) and overall survival (OS).

Results: Between January 2015 and December 2019, 28 patients underwent surgery for an oligoprogressive lesion
(primary tumor lung (n = 12), other metastatic site (n = 16)). Median age at time of resection was 60 years
(39-86) and 57% were female. Postoperative complications were observed in 2 patients (7%). Progression of
disease after resection of the oligoprogressive site was observed in 17 patients (61%). Median PFS was 7 months
since date of resection (95% CI 6.0-25.0) and median OS was not reached. Seven patients (25%) died during
follow-up. Age was predictive for OS and clinical T4 stage was predictive for PFS. M1 disease at initial pre-
sentation was predictive for better PFS compared to patients who were diagnosed with MO disease initially.
Patients who underwent resection because of oligoprogression of the primary lung tumour had a better PFS,
when compared to oligoprogression of another metastastic site.

Conclusion: Surgical resection of an oligoprogressive lesion in patients with advanced NSCLC treated with sys-
temic treatment is feasible and might be considered in order to achieve long term survival.

1. Introduction

patients, disease progression is limited to the primary tumour or to one or
only a few distant metastasis i.e. oligoprogression [12]. For these patients,

About half of all patients with non-small cell lung cancer (NSCLC) have
metastatic disease at first presentation [1-3]. Furthermore, many patients
with local or locally advanced NSCLC will develop metachronous metas-
tasis during the course of the disease [4,5]. Metastatic NSCLC is considered
incurable with a high cancer related mortality rate [6-8]. Although sur-
vival has improved with the introduction of immunotherapy for advanced
(stage IV) NSCLC, the disease will eventually progress [9-11]. For some

several treatment strategies have been reported to improve outcome, e.g. a
systemic treatment followed by a local consolidative therapy such as ste-
reotactic body radiation therapy (SBRT) or surgical resection [13,14].
However, surgery for oligoprogression in metastatic NSCLC has only been
investigated to a limited extent [13-16]. In this study we report outcome
and survival of patients who underwent a resection for an oligoprogressive
lesion after systemic therapy for stage IV NSCLC.
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Table 1
Patient-, tumour- and treatment characteristics.

Total (n = 28)

Age, years
Median (range)
Gender (%)
Male
Female
Charlson Comorbidity Index (%)
6-7
8+
Clinical T-stage at initial diagnosis (%)
cT1
cT2
cT3
cT4
cTx
Clinical N-stage at initial diagnosis (%)
cNO
cN1
cN2
cN3
cNx
Clinical M—stage at initial diagnosis (%)
cMO
cM1
Histology (%)
Adenocarcinoma
Squamous cell carcinoma
Large cell neuro endocrine carcinoma
Number of metastasis (%)
1
2-5
6+
Localization of metastases by presentation
Adrenal gland
Bone
Pulmonary
Liver
Spleen
Lymph node
Brain
Type of systemic treatment (%)
Chemotherapy
Chemoradiotherapy
Targeted therapy
Immunotherapy
Chemotherapy + targeted therapy
Chemotherapy + immunotherapy
Chemoradiotherap + immunotherapy
Targeted therapy + immunotherapy
Chemotherapy + targeted therapy + immunotherapy

Radiotherapy
Brain
Bone
Progression of lung tumour
Adrenal gland
Axillary lymph node
Type of resection oligoprogression (%)
Primary lung tumour
Lobectomy
Sublobar resection
Wedge resecion
Adrenal
Laparoscopic
Open
Axillary lymph node
Liver
Hemihepatectomy
Laparoscopic
Pathological examination (%)
RO
R1
R2
Additional systemic treatment (%)

60 (39-86)

12 (43)
16 (57)

19 (67.9)
9(32.1)

3(10.7)
8 (28.6)
6 (21.4)
5(17.9)
6 (21.4)

3(10.7)
2(7.1)
10 (35.7)
11 (39.3)
2(7.1)

5(17.9)
23 (82.1)

26 (92.9)
1.4
1(3.4)

3(10.7)
15 (53.6)
10 (35.7)

11
11
8

5
2
5
7

3(10.7)
1(3.6)
6 (21.4)
4 (14.3)
6 (21.4)
4(14.3)
1(3.6)
2(7.1)
1(3.6)

N W WS

12 (42.9)
6 (21.4)
3(10.7)
3(10.7)
11 (39.3)
10 (35.7)
1(3.6)
3(10.7)
2(7.1)
1(3.6)
1(3.6)

26 (92.9)
1(3.6)
1(3.6)
16 (57.1)
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Table 1 (continued)

Total (n = 28)

Progression of disease (%)
Progression
No progression

17 (60.7)
11 (39.3)

2. Material and methods
2.1. Patient cohort

This retrospective cohort analysis was performed after approval of the
Institutional Review Board (IRBd20-248). Included were patients with
stage IV NSCLC who underwent surgery for oligoprogression after sys-
temic therapy in a tertiary referral hospital, the Netherlands Cancer
Institute - Antoni van Leeuwenhoek Hospital, between January 2015 and
December 2019. Oligoprogression was defined as progression of any
tumor site (primary tumour, lymph node or metastasis) during or after
systemic treatment for metastatic NSCLC with initial complete or partial
response (as judged in the multidisciplinary tumour board meeting
(MTB)) [12]. Patients were included if they underwent resection of the
recurrent or persistent metastatic lesion or recurrence of the primary
tumour. For inclusion, there was no limit in the number of metastases at
the time of initial diagnosis. Patients with a second primary tumour were
excluded. Routinely, a chest computed tomography (CT) scan, a fluo-
rodeoxyglucose (FDG) position-emission tomography (PET)-CT scan and
a magnetic resonance imaging (MRI) scan of the brain were performed
prior to surgery to confirm oligoprogression and exclude other or new
metastases. Pathological confirmation was preferred. Patients were dis-
cussed in a MTB meeting, which consists of surgeons, thoracic oncolo-
gists, radiation oncologists, a radiologist, nuclear medicine specialist and
a pathologist. Patients were offered resection if systemic therapy initially
had resulted in either a period of stable disease or a partial or complete
response, at the discretion of the treating multidisciplinary team.

Following data were extracted from our institutional database: age,
sex, Charlson Comorbidity Index (CCI), tumour stage, date of diagnosis
of the primary tumour, different systemic treatments and staging mo-
dalities. Surgical factors we evaluated were date of surgery, type and
location of resection, lymph node dissection, pathological outcome after
resection, in-hospital complications and in-hospital length of stay and
mortality. Pathological findings of the resected tumour included histo-
logical grade, mutational status and PD-L1 status. A PD-L1 test measures
what percentage of cells in a tumor “express” PD-L1, with tumors
expressing high amounts of PD-L1 (>50%) possibly responding partic-
ularly well to checkpoint inhibitors. Patients who had PD-L1 > 50%
were noted as “PD-L1”, for the other patients who had less percentages
we added the exact measured percentages.

The paper was written according to the STROBE checklist (strength-
ening the reporting of observational studies in epidemiology) [17].

3. Objectives of the study

The primary objective of the study is to describe the feasibility and
safety of a resection for an oligoprogressive lesion.

The secondary objective is to assess the overall survival (OS) and
progression free survival (PFS) after surgery for oligoprogression.

Moreover, a more eplorative objective is to asses which (if any) pa-
tient characteristics are associated with longer PFS and OS in this setting.

Part of these objectives is to see whether mortality and morbidity are
low enough to consider surgery for oligoprogression feasible.

3.1. Statistical analysis

Data are presented as medians with either range or inter quartile
range (IQR) for continuous data, and number of cases with percentage
for count data.
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Follow-up time was computed from date of initial diagnosis and from
date of the resection of the oligoprogressive site. Progression free sur-
vival (PFS) and overall survival (OS) distributions were analyzed using
the Kaplan-Meier method. PFS was computed from the date of the
resection to the date of progression of disease (recurrence or metastasis)
or death due to any cause. OS was defined as the time between date of
resection and death of any cause. Patients alive without recurrence or
metastasis were censored for OS at the date of their last follow-up and
for PFS at the date of their last CT-scan.

Possible factors at the time of restaging for survival were evaluated
with Cox proportional hazard analysis. The following prognostic factors
were analyzed: age per year, CCI score (8 + vs 6-7), clinical T-stage (cT4
vs ¢T1-3), clinical N-stage (cN2-3 vs ¢NO-1), clinical M—stage (M1 vs
MO0), number of metastasis (1 vs 2 + ), type of systemic therapy
(chemotherapy, targeted therapy, immunotherapy), time between sys-
temic therapy and resection, presence of adrenal gland metastasis, oli-
goprogression of the lung tumour, adjuvant therapy after resection of
the oligoprogressive site.

Differences in PFS and OS between prognostic factors are repre-
sented by the hazard ratio (HR) and 95% confidence intervals (CI).
Statistical significance was defined as p < 0.05. No correction for mul-
tiple testing was performed due to the exploratorty nature of this anal-
ysis. All analyses performed are reported regardless of outcome.

Statistical analysis was performed using SPSS software package
(SPSS, version 26, SPSS inc, Chicago, IL, USA and R version 4.0, R core
team, Vienna, Austria).

4. Results
4.1. Patient and treatment characteristics

Between 2015 and 2019, 28 patients were identified who underwent
resection for oligoprogression of NSCLC. At the time of initial diagnosis
23 patients were clinical stage IV NSCLC and treated with systemic
therapy, and five patients (clinical stage IA (n = 1), stage IIIA (n = 2) and
stage IIIB (n = 2)) of whom 4 had curative intent resection of the pri-
mary tumor, developed a metastasis during follow-up for which sys-
temic therapy was started. In addition to systemic therapy, 13 patients
underwent radiotherapy (RT) (SBRT brain metastasis n = 4, stereotactic
radiosurgery (SRS) bone metastasis n = 3, RT because of progression of
the lung tumour n = 3, RT at an adrenal gland metastasis n = 2, RT at an
axillary lymph node metastasis n = 1). In 2 patients, resection of a brain
metastasis was performed. Clinical nodal involvement at initial diag-
nosis was ¢cNO (n = 3), cN1 (n =2),cN2 (n =10),cN3 (n=11) and in 2
patients the nodal status was unknown. Of all patients, 26 were diag-
nosed with adenocarcinoma, 1 patient had squamous cell carcinoma and
1 patient had a large cell neuroendocrine carcinoma. Detailed patient-,
tumour- and treatment characteristics are presented in Tables 1 and 2.
Twelve patients (41%) had a resection because of oligoprogression of
the primary lung tumour (lobectomy n = 6, sublobar resection n = 3,
wedge resection n = 3). Lung resections were performed with paren-
chymal sparing intent, preferably a wedge resection or segmentectomy.
In case of a centrally located lung tumour, a lobectomy was performed
and lymph nodes were resected only if these were suspected of malig-
nancy. In total, 11 patients had resection of an adrenal gland metastasis
(laparoscopic resections n = 10, open resection n = 1), in 3 patients, an
axillary lymph node metastasis was resected, 1 patient underwent a
hemihepatectomy and in 1 patient a laparoscopic segmental (segment 3)
resection of the liver was performed. In all patients, a resection of one
(metastatic or primary tumour) lesion was done. The median time be-
tween start of systemic therapy after initial diagnosis and resection of
the oligoprogressive lesion was 26 months (range 5-60). Median age at
the time of resection of the oligoprogressive site was 60 years (range
39-86). Surgical data and follow-up of the patients are summarized in
Table 3. Pathological confirmation of disease recurrence or progression
was established in 18/28 (64%) patients and 10 patients (adrenal gland
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n = 4, primary lung tumour n = 4, spleen n = 1) underwent resection
without preoperative pathological confirmation of malignancy.

4.2. Surgical outcome

Postoperative complications were observed in 2 patients; 1 patient
developed atrial fibrillation after lobectomy of the right lower lobe and 1
patient developed a pulmonary embolism for which anticoagulants were
started and had a postoperative ileus (after an open adrenal gland
resection), which was treated conservatively.

Pathological examination of the resected specimen confirmed a
tumour free resection margin in 26 (93%) patients. An irradical resection
was observed in 2 patients (1 patient had a microscopically irradical (R1)
resection after laparoscopic adrenal gland resection and 1 patient had a
macroscopically irradical (R2) resection after a pulmonary wedge resec-
tion). In Table 3 pathological findings of the resected sites were described,
including mutational, immunohistochemistry and programmed death-
ligand 1 (PD-L1) status. We noted the tumor suppressor genes (TP53,
P63, TTF1, CDX-2, P53) and proto-oncogenes (ROS1, ERBB2, BRAF V600,
KRAS, EGFR), which were positive/mutated. In 17 patients, systemic
therapy was continued after resection of the oligoprogressive lesion.

4.3. Progression free survival and overall survival

During follow-up after resection of the oligoprogressive site, 17 pa-
tients (61%) had distant progression of disease and 5 patients (18%) had
a locoregional recurrence (irradical resection (R2) n = 1). All of the
patients who developed al locoregional recurrence had also distant
progression of disease. After surgery, median PFS was 7 months (95% CI
6.0-25.0) (Fig. 1) and 11 of the 17 patients with progression of disease
were alive at the last date of follow-up (Table 3). Six patients died due to
progression of disease (median 9 months (3-15)) and 1 patient died
within 1 month after resection due to pulmonary embolism. Median OS
was not reached (Fig. 2). One- and two-year survival after surgery were
48% and 21%, respectively. Median follow-up from date of initial
diagnosis was 44 months (95% CI 36.0-54.0).

4.4. Prognostic factors

Prognostic factors are shown in Table 4: the presence, but not the
number of metastasis at initial diagnosis, was predictive for PFS but not
for OS. Patients who had clinical T4 stage at first diagnosis had inferior
PFS compared with patients who had clinical T1-3 stage, however, no
significant differences in OS were seen between these groups. Clinical N-
stage was not predictive for neither PFS or OS (Table 4).

Patients with resected progression of the primary lung tumour, had
superior PFS compared to patients who had surgery for an oligoprog-
ressive lesion not located in the lung, although OS did not significantly
differ. We observed a non-statistically-significant difference in survival
between patients that had an adrenalectomy and patients after resection
of another site of oligoprogression; HR 1.86 for OS (95% CI 0.75-4.6, p
= 0.18) and HR 4.14 for PFS (95% CI 0.83-20.58, p = 0.08). Patients
who had immunotherapy as part of systemic treatment (n = 12) had PFS
and OS comparable to those patients whose systemic treatment did not
include immune checkpoint inhibition (n = 16).

5. Discussion

In this retrospective study, we show that surgical resection of an
oligoprogressive lesion in selected patients with stage IV NSCLC treated
with systemic treatment is feasible. All patients showed partial or
complete response after initial treatment and had a recurrence of the
primary tumour in the lung or progression of disease at a limited number
of metastatic sites during follow-up.

Data concerning the role of surgery in the oligoprogressive setting, in
patients who are treated with systemic therapy for metastatic disease
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Table 2

Detailed patient-, tumour- and treatment characteristics of patients treated for oligoprogressive NSCLC.

Lung Cancer 161 (2021) 141-151

Patient

Year of
initial
diagnosis

Year of
resection

Sex

Age at
diagnosis

CCI

c¢TNM at initial

diagnosis
NSCLC

Histology and
mutation

Localisation
metastasis

Systemic therapy

Time between start
systemic therapy and
resection for
oligoprogression
(months)

8

10

11

12

13

14

2011

2014

2016

2015

2016

2016

2016

2016

2016

2017

2017

2016

2017

2017

2015

2017

2017

2017

2017

2017

2017

2018

2018

2018

2018

2018

2018

2018

F

F

66

54

52

64

62

63

48

65

46

57

54

56

34

65

10

6

8

T1bN1M1

T2bN3M1lab

T3N3M1

T4N2MO

T3N3M1

T4N2M1

T3N3M1

TxN3M1

T3NOM1

T4N3M1

T2N2M1

T2NxM1

T3N2M1

T2N2M1

AC

AC, EGFR,
TP53

AC. TTF1

AC. TP53, PD-
L1 (5%)

AC.
Keratine 7

AC. cMET,
exon 14
deletion

AC. KRAS,
TTF1, STK11,
PD-L1 (2%),
HER2 (3%)

AC. TTF1,
BRAF V600E

AC. CK7, CAM
5.2, CD56

AC. KRAS
Q61K, PD-L1,
TTF1

AC. Exon 19
EGFR

AC. CK7, TTF1

AC

AC. Exon 19
EGFR, TP53,

144

Adrenal, Bone

Pulmonary,
liver, spleen,
bone
Pulmonary,
pulmonary
gland

Both adrenal
glands

Pulmonary

Brain

Axillair lymph
node

Bone

Adrenal

Pulmonary

Brain, bone

Brain

Both adrenal
glands

Liver, bone,
brain

2011 cisplatin/
gemcitabine + RT L2;
2013 carboplatin/
gemcitabine;

2014 carboplatin/
pemetrexed;

2015 RT lung/N10 +
olaparib + adrenal
resection

2014-8 gefitinib (EGFR
exon 21 mutation);
03-2017 lung resection
2016 erlotinib (EGFR
mutation);

2017 lung resection
2015 cisplatin + RT
lung;

2017-07 SBRT adrenal
gland left and resection
right-sided

2016 nivolumab/
ipilimumab;

2017 lung resection
2016 SBRT brain
metastasis;

2016-12 cisplatin/
pemetrexed;

2017-01 carboplatin/
pemetrexed;

2017-05 capmatinib
(INC280);

2017-12 lung resection
2016-02 cisplatine/
pemetrexed;

2016-09 docetaxel;
2016-11 nivolumab;
2018-01 resection
axillair lymph node
2016-06 carboplatin/
pemetrexed;

2016-07 RT costa 11
2016-10 dabrafenib/
trametinib

2017-11 RT ischium +
RT costa 11

2018-01 resection
lingula

2017-08 cisplatin/
gemcitabine;

03-2018 lung resection
2017-10
pembrolizumab
2018-05 lung resection
2017-03 SBRT brain
metastasis;

2017-05 erlotinib;
2018-03 osimertinib;
2018-07 lung resection
2016-04 SRT brain
metastasis + cisplatin/
pemetrexed;

2018-07 lung resection
2017-02 cixplatin/
pemetrexed;

2017-09
pembrolizumab;
2018-09 resection left
adrenal

2017-04 EGF816;
2018-10 resection liver

51

31

19

21

16

12

27

20

16

17

60

35

(continued on next page)
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Table 2 (continued)

Patient  Year of Year of Sex  Ageat CCI  ¢TNM atinitial ~ Histology and Localisation Systemic therapy Time between start
initial resection diagnosis diagnosis mutation metastasis systemic therapy and
diagnosis NSCLC resection for

oligoprogression
(months)
TTF1, cMET,
HER2
15 2017 2018 F 68 8 T1N2M1 NET. PD-L1 Adrenal, bone 2017-01 carboplatin/ 28
(80%) pemetrexed;

2017-05 pemetrexed;
2018-10 adrenal gland

resection
16 2013 2018 M 51 7 T1INOMO AC. Intra- 2013-09 Lobectomy 26
ALK abdominal right upper lobe;
lymph nodes, 2017-07 alectinib;
Adrenal 2018-10 resection right
adrenal gland
17 2015 2018 F 48 6 T3N1MO AC. Adrenal, 2015-11 Lobectomy 14
EGFR pulmonary, right upper lobe,
brain adjuvant carboplatin/
pemetrexed;

2017-01 erlotinib;
2017-04 dubulking
brain metastasis;
2017-10 osimertinib;
2017-11 SBRT adrenal;
2018-12 resection
adrenal gland

18 2016 2018 F 62 7 TxN3MO AC. Bone, adrenal, 2016-06 carboplatin/ 53
MET, TP53, Axillar lymph pemetrexed;
PD-L1 node 2016-09 RT + olaparib;
2017-11
pemproluzimab;

2019-01 resection
adrenal gland

19 2016 2019 M 81 10 T4N2M1 AC. Adrenal, bone, 2016-08 carboplatin/ 57
MET exon 14, brain pemetrexed;
PD-L1 2017-10 RT lung;

2018-08 crizotinib;
04-2019 resection
adrenal gland

20 2017 2019 F 47 6 TxN3M1 AC. Liver, 2017-11 30
TTF1, ALK, PD-  pulmonary pembrolizumab;
L1 (40%), 2017-11 crizotinib;
AE1/3 2018-03 alectinib;

2018-04 ceritinib
2019-05 resection liver

21 2014 2019 F 72 10 TxN2M1 AC. Pulmonary 2014-08 Wedge 68
EGFR resection right upper +
middele lobe;

2014-09 gefitinib;
2018-02 osimertinib;
2019-05 lung resection

22 2016 2019 F 70 9 T2N2MO AC. Adrenal 2016-07 Lobectomy; 29
TTF1 adjuvant cisplatin/
pemetrexed;

2017-07 cisplatin;
2018-03 osimertinib;
2019-05 resection
adrenal gland

23 2018 2019 M 56 7 T4NO-1 M1 AC. Brain, spleen 2018-11 resection 39
KRAS, IDH1, brain metastasis;
TP53, PD-L1 2019-01 RT +

cisplatin/ pemetrexed;
2019-03 nivolumab;
2019-06 resection

spleen
24 2016 2019 F 44 6 T2N3M1 AC. Brain, liver, 2016-01 SRT brain 30
KRAS adrenal metastasis;
2017-04 SRT brain
metastasis;

2017-07 BMS-986016
+ nivolumab;
2019-06 resection
adrenal
25 2017 2019 F 64 7 T2N3M1 AC. Pulmonary 2017-05 cisplatin/ 30
pemetrexed;

(continued on next page)

145



P.J.M. Joosten et al.

Table 2 (continued)

Lung Cancer 161 (2021) 141-151

Patient  Year of Year of Sex  Ageat CCI  ¢TNM atinitial ~ Histology and Localisation Systemic therapy Time between start
initial resection diagnosis diagnosis mutation metastasis systemic therapy and
diagnosis NSCLC resection for

oligoprogression
(months)
2017-09
pembrolizumab;
2019-09 resection lung
26 2018 2019 F 53 7 T2N2M1 AC. Bone, liver, 2018-01 23
TP53, PD-L1 adrenal pembrolizumab;
2019-10 resection
adrenal gland
27 2017 2019 F 64 7 TxNxM1 SCC. Bone 2017-12 RT bone 23
KRAS, PD-L1, metastasis;
keratine 2018-01
AE1/3, CK7, pembrolizumab;
p63 en CK5/6 2018-01 + 2018-10 RT
bone metastasis;
2019-11 resection lung
28 2015 2019 M 52 7 TxN3M1 AC. Axillar lymph 2015-09 carboplatin/ 51
Keratine AE1/ node pemetrexed;
3, TTF1, TP53, 2016-05 — 2017-04
PD-L1, HER2 nivolumab;
2018-04
pembrolizumab;
2019-03 RT left axillar
lymph node

019-12 resection right
axillar lymph node

M = male, F = female, CCI = Charlson Comorbidity Index, NSCLC = non-small cell lung cancer, AC = adenocarcinoma, SCC = squamous cell carcinoma, RT =
radiotherapy, PA = pathology, PD-L1 = Programmed death-ligand 1, TTF1 = Thyroid transcription factor-1, EGFR = Epidermal growth factor receptor, ALK =
Anaplastic lymphoma kinase, HER2 = human epidermal growth factor receptor-2, ATM = ataxia telangiectasia mutated, N.A. = not applicable.

and who develop progression of disease after initial complete or partial
response, is limited [18-20]. Previous studies describing stage IV NSCLC
focused mainly on limited synchronous (oligometastatic) disease and
showed that in selected patients, systemic treatment in combination
with treatment of the metastasis with radiation therapy or surgery can
improve DFS and OS [15,21-23].

The impact of surgical treatment on survival of patients with
advanced NSCLC, remains controversial [24-26]. Improvements in lung
cancer diagnosis and treatments in the past decade, with the addition of
targeted therapies and immunotherapy have, at least partly, accounted
for the improvement of PFS and OS in patients with advanced NSCLC
[9,27,28]. Part of these patients develop oligoprogressive disease and
the optimal therapy, in particular local therapies including SBRT and
resection, remains unclear [26,29].

Selecting the patients who will benefit most from this oligoprog-
ressive approach is challenging. The main question to be answered
during MTB discussion is how to best select patients who may benefit
most from surgery. Although follow-up was relatively short, we found
that surgery in the oligoprogressive setting can be performed with
minimal morbidity and with encouraging survival. In the treatment of
metastatic disease, 79% of our selected patients received targeted
therapy or immunotherapy prior to surgical resection. It is suggested
that immunotherapy improves systemic control resulting in better
controlled metastatic disease, with local recurrences having a more
prominent role during follow-up [10,11,30]. These local recurrences
with a controlled systemic situation, defined as oligoprogression might
thus be suitable for a local resection to improve local tumour control
[31,32].

In our study, patients with metastasis at initial presentation showed
significantly improved PFS when compared to patients who had no
metastasis at presentation but developing a metastasis during follow-up.
A possible explanation might be that patients with M1 disease who
showed no progression under systemic treatment have favourable
prognostic biologic tumour characteristics when compared with patients
initially staged without metastases (M0) and who develop 1 or more
metastases after curative intent treatment (e.g. surgery). Improved PFS
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was also found in patients in whom the primary lung tumour was an
oligoprogressive site. However, these results should interpreted with
care, since the number of included patients is limited and the group of
selected patients is heterogeneous.

Despite resection of the oligoprogressive lesion, progression of dis-
ease was found in 68% of patients during follow-up after resection.
Whether surgery is beneficial over switching systemic therapy without
resection, is unclear. Previously, it was shown that for selected patients
receiving local therapy, the median progression free survival was 14
months compared to 7.2 months for those without local therapy [18].
Although only SBRT was used as local therapy in this study, it was
suggested that additional local therapy improved the PFS. Moreover, in
our study 11 out of the 17 patients who had progression of disease after
surgery are still alive at the end of follow-up.

The goal of surgery for oligoprogressive disease is to control local
disease. On the other hand, resection of an oligoprogressive lesion might
postpone the start of systemic therapy in selected patients and thereby
reducing the possible impact of side effects caused by chemotherapy or
immunotherapy [33,34]. Also, local control through resection might
allow selected patients to continue the targeted therapy and may delay
the switch to other systemic treatment options [35]. In addition,
resection of an oligoprogressive lesion provides the treating physician
the opportunity for tissue analysis by the pathologist, possibly discov-
ering new targetable mutations and an explanation why the oligoprog-
ressive lesion was progressive, but all other lesions were responsive to
systemic treatment given [36,37]. A targetable driver mutation (e.g.
anaplastic lymphoma kinase (ALK) or epidermal growth factor receptor
(EGFR)) or the presence of PD-L1 expression provides the opportunity to
start additional targeted therapy after resection of the oligoprogessive
lesion [38].

6. Conclusions
In conclusion, in selected patients with stage IV NSCLC, resection of

an oligoprogressive lesion is feasible and safe. Although its exact impact
on PFS and OS has to be further investigated, surgical resection of the
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Table 3
Surgical details, morbidity, follow-up and survival of patients treated for.
Patient ~ Metastasis Lung Type of resection In-hospital Hospital Radicality ~ PA assessment; IHC ~ Adjuvant therapy Loco- Distant metastasis and Time to Survival
progression progression complication stay results; mutation regional therapy progression (months)
(days) status recurence (months)
1 Adrenal No LA - 3 RO AG; PD-L1 (4), No No No - >58
TTF1 (+)
2 No Yes L + wedge - 6 RO AG; TTF1 (+), Gefitinib; 2017-5 No Yes, 3 brain metastasis 05- 25 >36
keratine AE1/3 (+) Erlotinib 2019 SRS
3 No Yes Bisegmental - 6 R2 SCC; P63 (+), TTF1 Erlotinib Yes, RT Yes, brain metastasis, 11- 15 >31
Wedge lingula +) hilus 09- 2018 osimertinib
2018
4 Both adrenal No LA right sided - 3 R1 AC; TTF1 (+), No No Yes, lung metastasis 02- 5 10
glands (Left keratine 7 (+), P53 2018 cis/pem, 11-2018
RT) +) nivolumab
5 No Yes Segmentectomy - 5 RO AC; None No No No - >29
6 No Yes L Atrial 12 RO AC; PD-L1 (+4), Capmatinib No Yes, intra-pulmonal 8
fibrillation TTF1 (+), P63 (+); metasisis
TP53 mutated
7 Axillair lymph ~ No Lymph node - 2 RO AC; N.A. No No Yes, 11-2018 intra- 6 >11
node extirpation pulmonal, nivolumab
8 Bone (RT) Yes, lingula Lingula excision - 6 RO AC; PD-L1 (+4), Dabrefinib/ No No - >26
TTF1 (+); BRAF trametinib
V600E mutated
9 No Yes L - 5 RO AC; N.A. No No No - >24
10 Pulmonary No Wedge resection - 4 RO AGC; N.A. Pemprolzumab No Yes, lymph node axillar >21
08-2018 excision. 05-2019
progression pem/cis
11 No Yes L - 5 RO AC; TTF1 (+); Osimertinib No Yes, metastasis adrenal 16 >20
EGFR exon 1, KRAS gland resection 12-2019.
and TP53 mutated RT os ilium metastasis.
12 No Yes L - 5 RO AGC; PD-L1 (5%), No No Yes, brain metastasis; 01- 6 >20
ROS1 fusion (+) 2019 SRS 07-2019 SRS,
01-2020 SRS
13 Adrenal No LA left sided - 2 RO AC; TP53 and Pembrolizumab No Yes, 02-2019 brain 4 >18
ERBB2 mutated metastasis SRS, 07-2019
adrenal R resection
14 Liver No Hemihepatectomy - 7 RO AG; TTF1 (+), p53 EGF816 No No - >17
+) 04-2019
osimertinib/
crizotinib
15 Adrenal No LA - RO AC; PD-L1 (+) Pemproluzimab Adrenal Yes, intra-abdominal 3 7
16 Adrenal No LA - 2 RO AC; PD-L1 (+4), Alectinib Adrenal Yes, 03-2019 brigatinib 13 >17
TTF1 (+), ALK (+); progression loco-regional
ALK and TP53 adrenal. 06-2019
mutated progression witch
loratinib. 11-2019
progression carboplatin/
pemetrexed
17 Brain No LA - - RO AC; TTF1 (+); Exon Osimertinib Adrenal Yes, 06-2019 progression 3 15
(debulking), 19 EGFR mutated lung, brain and adrenal,
Adrenal start carboplatin/
paclitaxel/ bevacuzimab
18 Adrenal No LA — 4 RO AC; TTF1 (+), No No No - 1 (pulmonary
GATA3 (+) embolism)
19 Adrenal, Brain No Adrenalectomy left 25 RO AC; MET exon 14 No No 1 3

splice mutation

(continued on next page)
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Table 3 (continued)

Patient ~ Metastasis Lung Type of resection In-hospital Hospital Radicality ~ PA assessment; IHC ~ Adjuvant therapy Loco- Distant metastasis and Time to Survival
progression progression complication stay results; mutation regional therapy progression (months)
(days) status recurence (months)
Pulmonary Yes, 05-2019 progression
embolism, lung and adrenal gland
ileus right
20 Liver No Segment 3 - 2 RO AC; N.A. Ceritinib No Yes, 12-2019 liver 7 >10
resection metastasis, pemetrexed/
carboplatin
21 Pulmonary No Wedge - RO AC; PD-L1 (10%); Osimertinib Gland N5 Yes, 10-2019 resection N5 8 9
EGFR and TP53
mutated
22 Adrenal No LA - 2 RO AC; PD-L1 (1%), Osimertinib No Yes, 01-2020 RT C6-Th1, 6 >10
HER2 (5%); EGFR 03-2020 crizotinib
and TP53 mutated,
MET amplification
23 Spleen No Laparoscopic - 5 RO AC: KRAS, TP53, No No No - >9
splenectomy KEAP1 and ASXL1
mutated, IDH1
hotspot mutation
24 Adrenal No LA - 2 RO AC; N.A. No Lung Yes, 03-2020 RT lung, 05- 8 >9
2020 RT brain +
nivolumab
25 No Yes Wedge - 4 RO AGC; PD-L1 (+), Pembrolizumab, No No - >6
KRAS and TP53 RT N5
mutated
26 Adrenal No LA - 4 RO AC; CDKN2A and Pembrolizumab No No - >5
TP53 mutated
27 No Yes RATS L + Wedge - 7 RO AC; PD-L1 (+); Pembrolizumab No No - >4
KRAS mutated
28 Axillair lymph ~ No Lymph node - 2 RO AG; TTF1 (+) No No No - >3
node extirpation

oligoprogressive NSCLC.

‘D 32 UAIS00r W'I'd

LA = laparoscopic adrenalectomy, L = lobectomy, RATS = robot-assisted thoracoscopic surgery, R = residual tumour, RT = radiotherapy, AC = adenocarcinoma, SCC = squamous cell carcinoma, PA = pathology, IHC =
Immunohistochemistry, PD-L1 = Programmed death-ligand 1, TTF1 = Thyroid transcription factor-1, EGFR = Epidermal growth factor receptor, ALK = Anaplastic lymphoma kinase, HER2 = human epidermal growth
factor receptor-2, ATM = ataxia telangiectasia mutated, N.A. = not applicable. Note; in all patients, one lesion was resected.
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Fig. 1. Kaplan-Meier curve for progression free survival (PFS) of patients after resection of oligoprogressive NSCLC.
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Fig. 2. Kaplan-Meier curve for overall survival (OS) of patients after resection of oligoprogressive NSCLC.
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Table 4

Prognostic effect of patient-, tumour- and treatment characteristics on progression-free survival (PFS) and overall survival (OS), represented by the hazard ratio (HR)

and 95% confidence interval (CI).

Lung Cancer 161 (2021) 141-151

PFS 0os
Variable HR 95% CI (lower-upper) p-value HR 95% CI (lower-upper) p-value
Age (per year) 1.0 (0.95-1.05) 0.92 1.12 (1.03-1.21) 0.01
Gender (F vs M) 1.47 (0.58-3.7) 0.42 1.73 (0.41-7.26) 0.46
CCI (8 + vs 6-7) 0.65 (0.24-1.76) 0.40 4.52 (0.87-23.41) 0.07
cT4 vs cT1-3x 5.07 (1.4-18.35) 0.01 3.51 (0.82-14.92) 0.09
cN2-3 vs ¢NO-1x 1.59 (0.53-4.81) 0.41 1.38 (0.28-6.85) 0.69
cM1 vs cMO 0.34 (0.12-0.98) 0.05 0.36 (0.09-1.53) 0.17
Number of metastases (2 + vs 1) 0.74 (0.3-1.85) 0.52 0.36 (0.09-1.52) 0.16
Chemotherapy (Yes vs No) 1.77 (0.69-4.53) 0.23 5.83 (0.72-47.46) 0.10
Targeted therapy (Yes vs No) 1.01 (0.4-2.53) 0.98 1.12 (0.28-4.49) 0.87
Immunotherapy (Yes vs No) 1.22 (0.45-3.29) 0.69 0.28 (0.03-2.28) 0.23
Adrenal metastasis (Yes vs No) 1.86 (0.75-4.6) 0.18 4.14 (0.83-20.58) 0.08
Resection lung lesion being oligoprogressive site (Yes vs No) 0.23 (0.07-0.75) 0.01 0.43 (0.09-2.26) 0.31
Adjuvant therapy/ ongoing systemic treatment (Yes vs No) 1.30 (0.51-3.33) 0.59 0.64 (0.16-2.57) 0.53

F = female, M = male, CCI = Charleson Comorbidity Index, cT = clinical tumour stage, cN = clinical nodal stage, cM = clinical metastasis stage at initial diagnosis.

oligoprogressive site should be considered as part of multidisciplinary
advanced disease management.
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