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Aim: To extend the survival of patients by providing local control of metastases in oligoresistance/oligoprogressive disease.
Methods: We retrospectively evaluated the efficacy of stereotactic body radiotherapy (SBRT) applied to 30 lesions in the lungs of 19
patients who were considered inoperable by the tumor board upon the development of oligoresistance/oligoprogressive lung metastasis
while undergoing chemotherapy between January 2016 and December 2017. Each patient had one to five metastases in their lungs. The
median SBRT biologic effective dose at o/p of 10 (BED;o) was 180.0 (IQR: 115.5-180.0) Gy.

Results: We obtained effective, low-toxicity results. The rates of local control were 89.4%, 84.2%, and 78.9% for the 1st, 2nd, and 3rd
years, respectively. The median local control time was 4 (IQR: 3—6) months. The median overall survival (OS) was 36.3 (IQR: 29.7—
42.9) months. The rates of OS for the 1st, 2nd, and 3rd years were 89.5%, 73.7%, and 61.4%, respectively. Despite the nonoccurrence
of grade 4-5 toxicity in the lungs, six (31.6%) patients had grade 1-3 pulmonary pneumonia, one patient had a grade 4 skin ulceration,
and two patients had increased chronic obstructive pulmonary disease in the follow-up period.

Discussion: In patients with oligometastatic lung tumors, SBRT is very effective in terms of progression-free survival and OS.
Keywords: lung metastasis, stereotactic body radiation therapy, stereotactic ablative radiotherapy, oligometastatic, oligoprogressive,

oligoresistance, pallation

Introduction

Although different consortiums have moved to establish a guideline for local consolidative local therapy, there is still no
established guideline for the ablative treatment of any oligo disease. Oligoresistance/oligoprogressive disease is generally
considered to be the presence of no more than 3 to 5 deposits unresponsive to previous chemotherapy or that have
progressed under chemotherapy, excluding the primary tumor.

Today, various treatment approaches are applied for curative purposes in oligometastatic diseases. Longer survival rates
can be achieved with improvements in systemic treatments, molecular-targeted therapies, and immune checkpoint
inhibitors." In patients with lung metastases without extrapulmonary disease, metastasectomy is still seen as the standard
treatment. However, surgery is not always an option for patients with poor performance status. Moreover, as oligoresistance/
oligoprogressive patients have the worst prognosis among patients with oligometastatses, surgical treatment is generally
avoided in this group of patients. Patients with a limited number of persistent or recurrent/growing metastases, as well as
a more extensive presentation who experience relative disease stability on “mostly effective” systemic therapy, are considered
oligoresistant (induced oligometastases) and oligoprogressive disease, respectively. Oligoprogression is enlargement of one or
more metastatic sites in stable disease. This finding indicates a subpopulation of potentially therapy-resistant clonogens. In
particular, oligoresistaces that were unresponsive to previous treatments may be considered to have more resistant clones.>*
Currently, in patients with oligoprogressive/oligoresistance lung metastases, targeted therapy or chemotherapeutics are
switched with different agents as standard. However, the agents to which we can switch are quite limited. Moreover, even
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in second-line treatments, the contribution of these agents to progression-free survival (PFS) can often be limited to only 49
months, and in subsequent treatments, this is further reduced.’ In addition, it is known that the first systemic treatments are
more tolerable, and subsequent regimens are much more toxic.

In parallel with the technological developments in radiotherapy devices in recent years, stereotactic body radiotherapy
(SBRT) has also become widespread. The most important feature that distinguishes SBRT from conventional radiation
therapy is that it is given in larger doses in fewer fractions, resulting in a high biologically effective dose (BED,(). When
calculating lung doses with SBRT, biologically equivalent doses are considered to be a/f=10 for lung cancer and acute
toxicity (BEDg) and o/p=3 for late toxicity (BEDj3). Serious adverse events with SBRT are rarely seen because they
occur after at least a year, later than the expected survival of patients with oligo disease. With SBRT, high doses can be
given to target tissues by protecting normal tissues with a very high conformally.® The fact that there are promising
studies with SBRT, in which high local control and overall survival (OS) rates have been obtained using SBRT as an
alternative to surgery in early-stage inoperable diseases, and in non-small-cell lung carcinoma (NSCLC) in recent years,
was one of the main drivers for the initiation of this study.” Even inoperable disease results similar to those obtained via
surgery have been achieved, thus SBRT could also be a promising alternative to surgery.® There were a few published
studies on oligoprogressive or even oligometastatic disease at the time of the study, but there was no other option for
these patients. There are some assumptions that SBRT can contribute to PFS, which is the primary endpoint, in
oligoprogressive or oligoresistance lung metastases. It is suggested to start clinical trails in this direction.

In 2019, after the results of the Phase 2 SABR-COMET study were published, which showed that local therapies in
oligometastases could prolong survival, treatment approaches were used for curative purposes in oligometastatic
diseases.” Based on the SABR-COMET findings, we expect to be able to contribute to the treatment of these patients
using SBRT. However, although SBRT seems to be beneficial in oligometastatic disease, it remains unclear whether it is
effective in patients with oligoresistance/oligoprogressive disease because there are currently insufficient studies. In
addition to local control of metastatic disease, SBRT may affect the immune response, as seen in some sporadic cases,'’
a striking example of which was observed in one of our patients anecdotally.'

There were 158 publications on oligometastses in PubMed alone in 2021 (oligometases SBRT, stereotactic ablative
radiotherapy — SABR). Unfortunately, however, there is little research on the worst-progressing group including patients
with oligoresistant/oligoprogressive pulmonary parenchymal metastases, let alone a phase 2 study.

In oligoprogression/resistant cases that develop during and/or immediately after first-line systemic treatments, the
continuation of treatment is usually switched to new agents. However, second-line treatments are more toxic for the patient
and less effective for the tumor when compared with first-line treatments. Therefore, we aimed to extend the survival and PFS
of patients by providing local control of metastases in oligoresistance/oligoprogressive disease, which is known to have a very
poor prognosis, with limited toxicity. In doing so, we could reserve a group of drugs for later use.

Materials and Methods

Patient Characteristics

In our clinic at Okmeydani Training and Research Hospital, radiosurgery treatment techniques have been applied to treat
various malignant and benign tumors since 2011. We retrospectively evaluated 19 patients (1-5 metastases) who had
pulmonary metastases and were medically inoperable and who had 30 pulmonary metastases that were exposed to
radiosurgery between January 2016 and December 2017. The treatment characteristics and toxicities of these patients
were investigated retrospectively and included in the study. First-line chemotherapy is relatively effective and less toxic,
and systemic agents used in the progression of the disease are more toxic to the body and less effective against the
disease. By contributing to PFS with SBRT, which is a local ablative method, the toxic effects of these systemic agents
can be avoided temporarily by delaying the use of these systemic agents, and it can also contribute to OS.

All patients with pulmonary metastases undergoing pulmonary SBRT therapy were included, regardless of whether
they had metastases in other regions. The inclusion criteria were as follows: all patients who underwent SBRT because of
intrapulmonary metastases under systemic treatment but did not respond to these treatments or even progressed despite
systemic treatment. The exclusion criteria included the presence of other primary malignancies in the same region and
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undergoing locoregional radiosurgery for the primary disease. Only those who received SBRT as relapse treatment were
included in the treatment. Those who received another treatment methodology such as chemotherapy or immunotherapy
after relapse were not included in the study. Patients whose lung lesions regressed after chemotherapy were also excluded
from the study. All patients were evaluated by tumor boards, and it was decided to administer radiosurgery instead of
surgery due to poor performance of surgery on their tumor types. Ethical approval was received for this study from the
Ethics Committee of Prof. Dr. Cemil Tas¢ioglu Sehir Hastahanesi (AKA: Okmeydani Training and Research Hospital)
(Decision number: 48670771-514.99, Date: November 8th, 2021; Decision number 382).

Treatment Details

Oligoprogression/resistance was determined as the group of patients who had previously received at least one series of
systemic therapy, with <5 progressive/non-responsible tumors with solid lesions, and response evaluations or positron
emission tomography-computed tomography (PET-CT). In non-progressed nodules, we did not determine any upper limit
in such lesions. PFS was defined as the time from the initiation of treatment to disease progression or death. Disease free
surival, referred to as regional disease recurrence, occurrence of distant metastasis to another, or time to death.

In our study, 19 medically inoperable patients who had undergone SBRT and had only metastasis to the lung between
January 2016 and December 2017 were included. The total number of metastases was 30. The primary origin was the lung
(NSCLC) in 14 patients, the gastrointestinal system in three patients (colon n=2, rectum n=1), and the genitourinary system in
two patients (prostate n=1, bladder n=1). Fourteen patients had single metastases, and five patients had 2—5 metastases. In the
follow-up period, only six patients received different chemotherapy treatments based on the decision of a medical oncologist.

The median follow-up period was 31 (IQR: 19-38) months. The median age was 65 (IQR: 62—71) years. Six patients
were aged 70 years and older, and thus, there was a related decrease in performance and comorbid diseases. The median
tumor diameter was 2.7 (IQR: 1.2-3.7) cm. The tumor diameter was larger than 4 cm in four patients. All except two
patients were chronic smokers. The median Karnofsky Performance Status (KPS) was 70 (IQR: 60-80). All 19 patients
had undergone CT, and 10 had undergone 18F fluorodeoxyglucose PET-CT (Table 1).

Our patients underwent one or more of the following systemic treatments until at least 4 weeks before the SBRT
treatment period. The patients may also have received concomitant chemoradiotherapy if their disease was primary
before metastasis developed and they received systemic treatment, or metastasectomy before SBRT. However, our
patients were unsuitable for surgery because they were old and had comorbid disease. All patients had a histologic
tumor diagnosis. However, a histologic diagnosis could not be made from metastases due to poor performance.
Recurrences were diagnosed using PET-CT and/or CT (according to the tumor board discretion) with a high predictive
value (95%)."" In all cases, the disease was restaged according to the 8th (2018) edition of the American Joint Committee
on Cancer (AJCC) Cancer Staging Manual.

Follow-Up and Primary and Secondary Endpoints

In patients with only CT before SBRT, the tumor response was evaluated using the Response Evaluation Criteria for
Solid Tumors (RECIST) system.'? For patients with PET/CT before SBRT, if the tumor diameter and viability increased
by 20% or more in PET-CT, recurrence was considered. Acute and late toxicities were evaluated using the Common
Terminology Criteria for Adverse Events (CTCAE, version 5.0)."* In accordance with the American College of Chest
Physicians (ACCP) 2013 guidelines, the patients were first assessed through PET-CT or CT 3 months after the
treatment.'* Until April 2020, all patients were evaluated with CT at least every 6 months and with PET-CT when an
assessment could not be made with CT.

The primary end-points were the 1-year PFS, local control rate, and toxicity. The secondary end-point was OS.

Radiation Therapy Specifications

Most of the patients were treated using the CyberKnife® (Accuray Inc., Sunnyvale, CA, USA) radiosurgery system with
6-MV X-rays under a respiratory gating system; the remaining patients were treated on a Varian Trilogy (618 MV
X-ray) linear accelerator platform under a 4DCT gating system. In patients (n=10) treated with Cyberknife®™, images in
inspiration and expiration were used to measure gross tumor volume (GTV). These were performed using wide window
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Table | Patient and Treatment Characteristics

Characteristics (N=19) Median (IQR) or n (%)
Age, year 65 (62-71)
Sex (male/female) 1712

KPS 70 (60-80)
Tumor diameter, cm 22 (1.2-3.7)
Imaging used for disease staging

PET/CT only 10 (52.6)

CcT 19 (100.0)
Biopsy 19 (100.0)
Tumor Diameter (modified from AJCC)

<3 cm 12 (63.2)

>3 cm - <5 cm 6 (31.6)
>5cm - <7 cm -

>7 cm 1 (5.3)
Tumor Sites

Lung cancer 14 (73.7)

GIS 3 (15.8)

GUS 2 (10.5)
Pet/CT Fusion for planning 4 (21.1)
Dose, Gy 60.0 (55.0-60.0)
BED o, Gy 169.0 (115.5-180.0)
BED;, Gy 460.0 (364.0-460.0)
Fraction 3 (3-5)

Abbreviations: IQR, Interquartile range; CT, computed tomography; MRI, magnetic reso-
nance imaging; PET, positron emission tomography; NSCLC, non-small-cell lung cancer; SCLC,
small cell lung cancer; BED, biologically effective dose at an a/f ratio of 10.

level settings [window level range, —700 to =500 Hounsfield units (HU); window width range, 1500-2000 HU];'> tumor
monitoring was performed using an x-site spine without a fiducial marker, and an internal target volume (ITV) was
created. Internal gross target volumes (iGTVs) were created using an x-site lung respiratory monitoring system with
fiducial markers in two patients treated with Cyberknife® and with a 4D RPM system in four patients treated with the
Varian® device. For imaging, guidance was used during the treatment of kilovoltage cone-beam CT (kVCBCT). The
planning target volume (PTV) was determined to be 3—5 mm after the formation of the internal target volume according
to GTV. No margin was given for the clinical target volume (CTV). In radiosurgery applications, we use a 1.0-mm CT
slice thickness. The Varian® 4D RPM system with breath-hold was preferred in lung lower lobe tumors according to the
protocol of our institute. Dose and fractionation were selected depending on the location of the tumor. Treatment was
prescribed so that 95% of the PTV received 100% of the prescribed dose. In this study, we documented the tumor size,
not the PTV, to prevent bias, because we employed very limited PTV margins due to the techniques we used. As a result,
tumor size was used in the study, as in most studies and meta-analyses performed to date.'® We used a standard formula
biologic effective dose (BED) calculation: BED=nd (1 +d/a/B) for comparison of different fractionation regimens. This
formula is derived from the linear-quadratic (L-Q) model, where n and d are the number and size of the dose fractions,

and the ratio of o/ is accepted as 3 and 10 Gy for normal lung tissue and tumor, respectively.

Statistical Design

All time-related events (failure or death) were calculated from the date of first SBRT to the date of death or censoring at
the last clinical follow-up and analyzed using Kaplan—Meier and Cox proportional hazard methods. Significance was
considered at p <0.05, and all significance levels were 2-sided. The IBM® SPSS® Statistics version 23 software package
was used for all statistical analyses. Univariate Cox regression analysis was conducted to identify clinical variables
associated with end-points of interest, followed by multivariate models including all variables. In this study, local control
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and OS, whether tumor diameter affected these, and the statistical significance of the PET-CT responses in the 3rd month
was tested.

Results

Treatment Information and Local Control

The median SBRT BED at o/p of 10 (BED;) was 180.0 (IQR: 115.5-180.0) Gy. The median BED; was 460.0 (227.7—
460.0). The majority of our patients had lung cancer (73.6%), and 42.1% had squamous cell lung cancer. All patients
had undergone previous chemotherapy but remained oligoresistant/oligoprogressive. Five (26%) of our patients had
other metastases during the treatment. The most commonly used dose was 60 Gy in three fractions (frx) (52.6%). One
patient had five metastases, and 18 patients (95%) had three or fewer metastases. The patients had metastases in one or
both lungs. Single metastasis was observed in 13 (63.8%) patients. Five patients had tumors with a low response to
radiotherapy, such as colorectal, bladder, and prostate cancer (26.3%). Except for two patients, all were chronic
smokers, and 10 (52.6%) continued to smoke despite all the recommendations and therapy during the treatment
process. Twelve (63%) of our patients had previously received locoregional radiotherapy to the lung area. Two
patients were ultracentral (touched the main bronchus) and were treated with 5 frx/55 Gray (Gy) and 10 frx/70 Gy.
(Table 1).

Local control rates were 89.4%, 84.3%, and 78.9% for the 1st, 2nd, and 3rd years, respectively. The median local
control time was 4 (IQR: 3—6) months. Four patients with local recurrence over time and one patient with no response at
the beginning had lung cancer. Local control, regional control of regions of the lung and mediastinal lymph regions, and
survival analyses are given in Table 2 as univariate and multivariate analyses (Table 2). Tumor diameter below or above
2 c¢m did not differ in terms of local control, regional control, or OS (Table 2).

Overall Survival, Disease-Free Survival, and Progression-Free Survival
The median OS was 36.3 (IQR: 29.7-42.9) months (Figure 1). The rates of OS for the 1st, 2nd, and 3rd years were 89.5,
73.7%, and 61.4%, respectively.

The median PFS was 34.6 (IQR: 28.6—40.5) months (Figure 2). The rates of disease-free survival (DFS) for the 1st,
2nd, and 3rd years were 89.5, 73.7%, and 63.2%, respectively.

Of the 19 patients, 10 are still alive and progression-free. Three patients were alive but had the disease, and six
patients died. Considering the causes of death, two patients died of lung disease, three patients died of other metastases,
and one patient died of age-related comorbid disease (Table 3). The last conditions of the patients in our study are
presented in Table 4. Six patients receiving chemotherapy after SBRT and one patient receiving targeted therapy are still
alive. Of the six patients who died, two had progressive lung cancer that could not achieve local control at the
beginning. Before treating this patient, lung metastases appeared one year Dec, and each time these metastases were
removed by surgery. When the fourth metastasis appeared, the patient presented to us for SBRT because his lung
capacity was insuffiecient and he was no longer in a position to undergo further surgery after the three previous
procedures. After undergoing SBRT, no new metastases were seen. This may indicate that SBRT has an immunologic
effect.

Adverse Events
Despite the nonoccurrence of grade 4-5 toxicity in the lungs, six (31.6%) patients had grade 1-3 pulmonary
pneumonia, one patient had a grade 4 skin ulceration, two patients had increased chronic obstructive pulmonary
disease (COPD) in the follow-up period, and one patient developed a grade 2 myocardial ischemic event 2 years after
SBRT treatment.

Two patients with peripheral lung metastasis and BED;, 180 developed chest pain, but no rib fractures were observed
in our patients.
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Table 2 Local Control, Regional Control, and Survival Analysis

Univariate Analysis

Multivariate Analysis

Local Control (N=19)

Tumor Diameter (cm) Crude Hazard Ratio p-value Adjusted Hazard Ratio p-value
(95% CI) (95% CI)

<2 1.0 - 1.0 -

>2 2.0 (0.6-4.6) 0.337 1.9 (0.5-7.2) 0.588

Response on PET-CT (first PET-CT Crude Hazard Ratio p-value Adjusted Hazard Ratio p-value

response, 3 months after treatment) (95% CI) (95% CI)

Complete 1.0 - 1.0 -

Partial 1.9 (0.94.1) 0.612 1.9 (0.7-5.8) 0.991

Regional Control (N=19) (regions of the lung and mediastinal lymph regions)

Tumor Diameter (cm) Crude Hazard Ratio p-value Adjusted Hazard Ratio p-value
(95% CI) (95% ClI)

<2 1.0 - 1.0 -

>2 1.4 (0.5-3.7) 0.513 1.2 (0.4-3.3) 0.278

Response on PET/CT Crude Hazard Ratio p-value Adjusted Hazard Ratio p value
(95% CI) (95% CI)

Complete 1.0 - 1.0 -

Partial 2.3 (1.0-5.2) 0.684 2.3 (0.9-5.6) 0.995

Overall Survival (N=19)

Tumor Diameter, cm Crude Hazard Ratio p-value Adjusted Hazard Ratio p-value
(95% CI) (95% CI)

<2 1.0 - 1.0 -

>2 2.0 (0.6—4.6) 0.337 1.8 (0.7-4.9) 0.549

Distant Metastasis Crude Hazard Ratio p-value Adjusted Hazard Ratio p-value
(95% CI) (95% CI)

No 1.0 - 1.0 -

Yes 1.1 (0.5-2.6) 0.506 1.0 (0.4-2.4) 0.812

Regional Recurrence Crude Hazard Ratio p-value Adjusted Hazard Ratio p-value
(95% CI) (95% CI)

No 1.0 - 1.0 -

Yes 1.1 (0.4-3.1) 0.822 1.1 (0.4-3.3) 0.708

Abbreviations: BED,, biologically effective dose at an a/f ratio of 10; SCC, squamous cell carcinoma;

tomography-computed tomography.

Discussion

The theory behind ablating resistant/progressive disease clones to allow for continued response to current systemic
therapy is oncologically valid. However, thus far, evidence for treating oligoresistant/progressive disease in this way has
only been provided anecdotally. Overall, despite a lack of randomized data, evaluation of ablative therapies for

adeno, adenocarcinoma; PET-CT, positron emission
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Table 3 Cause of Death

Class Frequency | Percent | Valid Percent | Cumulative Percent
Death of lung disease | 5.3 5.3 5.3
Metastasis 2 10.5 10.5 15.8

Other 3 15.8 15.8 31.6

Alive 13 68.4 68.4 100.0

Total 19 100.0 100.0

Table 4 The Final Conditions of the Patients

Class Frequency | Percent | Valid Percent | Cumulative Percent
Alive, disease-free 10 52.6 52.6 52.6

Alive with disease 3 15.8 15.8 68.4

Exitus 6 316 316 100.0

Total 19 100.0 100.0

oligoresistant/progressive disease is logical because it allows patients to delay next-line systemic therapy and may
improve PFS and OS. In such patients, SBRT makes a significant contribution to disease control as a local treatment
modality. This is one of the first studies to show the contribution of local therapy in oligoprogressive/resistant disease.
Currently, in tumor oligoprogressive/resistant cases, another systemic treatment is generally used as a standard treatment
or palliative treatments are used.'” However, by controlling these lesions with SBRT, which is a local treatment method,
the PFS of patients can be contributed to and their OS can be extended.

Radiosurgery applications are used as a standard treatment in patients with early-stage medically inoperable lung
cancer, and promising results in terms of local control and survival have been obtained.'® 2 However, until now, only
chemotherapy and surgery could be performed in metastases in the lungs in a limited number of cases. With the
development of radiosurgery techniques in recent years, the applicability of radiotherapy techniques for a limited number
of lung metastases has been investigated.>'** In this study, the effects of SBRT on local control, PFS, and OS were
retrospectively investigated in lung cancer metastases or other cancers in the lung parenchyma. Our median follow-up
time was 3 years. This is comparable to the average in other studies with a median follow-up period of 3 years, where
local control rates were 89.4%, 84.2%, and 78.9% for the 1st, 2nd, and 3rd years, and OS rates (median 36.3 months) for
the 1st, 2nd, and 3rd years were 89.5-73.7% and 61.4%. Publications indicate that in oligometastatic disease, SBRT can
increase the survival time up to 13 months and nearly double PFS and DFS, and treatment-related mortality has been
reported as 5%. However, localized treatments may be futile for patients who are not under systemic control.>* In the
interim analysis of an ongoing phase 2 study, the median follow-up was 51 weeks.”” Our 3-year follow-up is adequately
long to determine efficacy and the early or late adverse effects of SBRT. As a result, when our toxicities are examined
during this period, it is seen that this treatment method has a very reasonable toxicity profile.

No relationship with tumor size was detected in the absence of local control, PFS, locoregional and DFS, or OS. The reason
for this may be due to relatively high doses of SBRT, or it may be related to the numerical or total volumetric size of the tumor
because we did not look at the total tumor volume. It is a shortcoming that we did not design the study in this way.

Colorectal cancers are considered less responsive. Sharma et al found 2- and 3-year survival rates of 69% and 55%,
respectively. However, in our study, one of our patients with five lung metastases and three patients with colorectal
diseases died after 12 months of multiple liver and brain metastases that progressed 3 months after SBRT was performed
on the lung. Another two patients were alive and DFS (66%), so we found local control as 100% and both 2- and 3-year
OS as 66%. Local recurrence was not observed in our patients with prostate and bladder cancer, which can also be
considered less responsive. One of our patients, whose primary disease origin was the bladder, died after 36 months of
ischemic heart disease.
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Tumor size is considered an important parameter in terms of local control for early-stage cancer.”® However, in our
study, the median tumor size value was not found to be associated with local control, regional control, or survival. This
may be due to the low number cases or that tumor size does not affect oligoresistant/oligoprogressive disease.

Three months after treatment in PET-CT, complete response or partial response did not affect local control or survival.
The importance of PET CT response is emphasized in early-stage studies;>’ however, in the present study, we found no
relationship between the first response and local control or survival.

This group of patients is generally accepted as incurable and directed to palliative care.”® However, the median
36.3-month OS we found is indeed promising for this patient group. With SBRT, we observed a PFS, DFS, and OS in our
patients that could compete with new systemic agents. Moreover, these results may encourage us to provide a therapeutic
advantage by delaying the progression to new/different agents. Moreover, it should not be forgotten that our patient group
consisted of oligoresistant/oligoprogressive disease and therefore considered the most resistant clones. New treatment
agents such as tyrosin kinase inhibitors (TKI) and immunotherapy now offer very promising results in patients with
metastasis, extending the life of patients. Despite the fact that none of our patients received these treatment methods, we
received very good results.

As a result of preclinical studies, the abscopal effect is mentioned in some doses and fractions.?® Statistically, we did
not find that it contributed to the development of intrapulmonary regional recurrence or distant metastases with or
without local control. However, anecdotally, metastases were detected three times in the lung of a patient between 2008
and 2017, and these lesions were surgically removed each time. However, metastases recurred in different parts of the
lung. When the metastases recurred for the fourth time, surgery was not considered due to the decrease in lung capacity,
and the patient was referred to our clinic for SBRT. Although the patient, who subsequently received SBRT, did not
receive any additional treatment, the patient was followed for another distant recurrence free for 3 years.

Of the six patients who died, three died of systemic disease, two of local disease, and one of cardiac ischemic
disease after 3 years. The only common feature of the five patients who died of the disease is that they progressed
rapidly after the first treatment they received. Three had a single metastasis to the lung, and two had multiple
metastases. Since the number of our patients was low, it is not appropriate to make a judgment on these oligometastatic
patients.

Despite the absence of grade 4-5 toxicities in the lung, six patients had grade 1-3 pulmonary pneumonia, and one
patient had grade 4 skin ulceration. Two patients had deterioration in COPD later, and one patient developed a grade 2
myocardial ischemic event 2 years after SBRT treatment. These results are consistent with the SABR-COMET study in
which toxicity of 30% and under was reported as grade 2 or worse adverse effects.’

In two phase 2 randomized trials on NSCLC, SBRT increased PFS approximately three times in metastatic disease
(Gomez et al: 11.9 months vs 3.9 months; Iyengar et al: 9.7 months vs 3.5 months).>*>! In addition, an OS of 41 months
was found in the studies of Palma and Gomez.”*° The reason for not reaching these durations in terms of OS in our study
might be that our patient population belonged to the more resistant clone group. Moreover, our patient group was older,
and the lung cancer group for which we would expect a relatively poor prognosis was predominant. However, we think it
is important to provide absolute local control with high-dose radiosurgery and prolong survival parallel to this. Moreover,
the median PFS was 34.6 months, which is very promising for oligoresistant/oligoprogressive disease. The median PFS
with palliation treatments has been reported as 10 weeks.”> Whether our DFS results were better than other studies in
both locoregional and distant metastases, it may be that if there are other metastases other than lung metastases under
control, that is, at the time of treatment, other metastases are under control. Another remarkable point in our study is that
patients with local recurrence (Figures 1 and 2) after treatment had lower distant metastasis rates and longer PFS and OS
times. This may indicate that some clones are prone to local replication only.

New studies showing that the disease is oligometastatic at the beginning have started to emerge,*” but few studies on
oligoresistant/oligoprogressive tumors have been conducted. Our study has some limitations. First, we acknowledge that
it was a retrospective cohort analysis with a relatively small population. Second, the study population included
heterogeneously treated patients concerning the SBRT total dose, dose per fraction, and fractionation because of the
location of the tumors and currently no standard treatment dose has been determined. Third, although the majority of
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patients had lung cancer, other tumor metastases were included in the study so the tumor population was not
homogeneous.

The results we obtained in oligoresistant/oligoprogressive disease, which is the worst subgroup of oligometastatic
disease are very promising and can encourage global prospective studies. The most important strength of this study is that
because SBRT has not been performed in this group of patients before, the doses we administered may create a guide for
subsequent SBRT applications. Currently, we largely have only anecdotal reports. Retrospective studies such as the
present study can pave the way for prospective studies. Another advantage of our study is that applications and follow-
ups were performed at a single center by a single physician.

The results of our study are important because the survival times of patients with tumors after resistant/progressive
metastases are quite short. Rithiméki et al found a median OS of 5 months after metastasis in their study of 17,431
patients with lung cancer.’® In our study, the median OS was 36.3 months. Any oligometastatic disease that was
previously considered for palliative care should now be controlled with high-dose SBRT.

Conclusion

When the contributions to local control, PFS, and survival are considered in our study and the studies in the literature,
SBRT is promising in oligometastatic and controllable patients. However, in SBRT, its benefit may be limited in patients
whose disease progresses in a very short time.
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