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ABSTRACT Objective: To assess the treatment outcomes and impact of adjuvant chemotherapy on patients with early-stage medically in-
operable lung cancer treated with stereotactic ablative radiosurgery (SABR). Material and Methods: The characteristics of 51 medically in-
operable patients with lung cancer (T 1-4 NO) who were treated with SABR and their response characteristics to the treatment were evaluated
between June 2013 and June 2018. Results: The median patient age was 71 (range 48-86) years. Forty-three (84.3%) patients were men. Most
patients had low-performance status (the Karnofsky Performance Scale 50-70), and 31 (60.8%) patients were aged above 65 years. The me-
dian tumor diameter was calculated as 32 (10-85) mm, and 29 (56.9%) patients had tumor diameters greater than 30 mm. The most common
histology was squamous cell carcinoma (n=23, 45.1%). All patients received SABR treatment, and 12 (23.5%) patients received adjuvant
chemotherapy. Disease-free survival could not be attained and overall survival (OS) was found at 32 (95% confidence interval, 21.2 to 42.8)
months. Local recurrence was observed in only two (3.9%) patients. After SABR treatment, complete and partial responses were obtained in
35 (68.6%) and 15 (29.4%) patients, respectively. Significantly worse OS was observed in patients who received adjuvant chemotherapy
compared to those who did not (16 and 40 months, respectively; and p=0.04). Conclusion: SABR treatment without chemotherapy could
control the disease in individuals with low-performance status without any harmful side effects.
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The prognosis of lung cancer can be enhanced
through numerous advancements that have been
made in its treatment. One of the treatment modalities
is stereotactic ablative radiosurgery (SABR), which is
a standard of care for patients with early-stage lung
cancer who are elderly or medically unable to un-
dergo surgery.'? Several studies have indicated that
patients with non-metastatic lung cancer treated with
SABR had a good rate of primary tumor control and
overall survival (OS), little toxicity, and extremely
cost-effective treatment that is higher than that of
conventionally fractionated radiotherapy.’~> SABR is
not superior to lobectomy in patients with operable
early-stage non-small cell lung cancer (NSCLC);
however, some prospective series have revealed com-

SABR to surgery. In early-stage NSCLC patients, 3-
year OS was reported to be in favor of SABR, which
was 95% and 79%, respectively (p=0.037).'° Thus,
SABR is a reasonable alternative treatment modality
to surgery; moreover, the NSCLC algorithm recom-
mends it for patients with medically inoperable T1-3,
NO, and MO stage NSCLC."""*

Based on the present randomized data, no clear
consensus exists in the literature regarding the ad-
vantages of adjuvant therapy for patients with stage
IB NSCLC. Most trials do not support its role in
chemotherapy. The large studies that focused specif-
ically on patients with early-stage IB NSCLC were
JBR10 and CALGB 9633. Unlike late results, the
standard modality for patients with stage IB, when

3 1 6-9 . . .
parable cancer-specific survival and OS.” Two ran- earlier reported, was postoperative adjuvant
domized trials, STARS and ROSEL, compared chemotherapy.
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In patients with early-stage NSCLC, SABR is
one of the standard and effective modalities in node-
negative T1-T3 tumors. However, studies depicting
the patient groups that would benefit more from the
addition of chemotherapy treatment to SABR ac-
cording to specific tumor size in medically unfit or
elderly populations are lacking. In our study, we in-
vestigated the relationship between tumor size and
treatment outcomes in patients with lung cancer pa-
tients treated with SABR and adjuvant chemotherapy.

I MATERIAL AND METHODS

This retrospective observational study aimed to de-
termine the prognostic role of tumor diameter on sur-
vival parameters and chemotherapy decisions in
patients with early-stage lung cancer treated with
SABR. A total of 51 patients were included in the
study from the Radiation Oncology and Medical On-
cology Departments of our clinics between 2013 and
2022. The patients could not be surgery candidates
and were staged as T{_4NOMO. Tomography and
positron emission tomography-computed tomogra-
phy (CT) was used for staging. The patients with
metastasis were excluded from the study. The patient
electronic files were utilized for recording demo-
graphic features and treatment modalities. The tumor
was histologically defined in 80% of patients, while
only 20% had no tumor histology owing to poor
Karnofsky Performance Scale (KPS), and even nee-
dle biopsy could not be performed. Twelve out of 51
patients received platinum-based chemotherapy after
the radiotherapy period.

RADIATION THERAPY SPECIFICATIONS

Either a CyberKnife® (Accuracy Inc., Sunnyvale, CA,
USA) radiosurgery system with 6-MV X-rays under
respiratory gating or a Varian Trilogy linear acceler-
ator platform with four-dimensional CT gating was
utilized. In Cyberknife® patients, images from the in-
spirium and exprium were used to calculate gross
tumor and internal target volumes for the x-site spine.
Following the creation of kilovoltage orthogonal im-
ages, patients treated with x-site lung were monitored
in real-time. The clinical target volume margin of 0.6
and 0.8 mm was used for squamous histologies and
adenocarcinomas, respectively. Treatment was pre-

scribed; therefore, 100% of the prescribed dose was
received by 95% of the planning target volume
(PTV). Approximately 90% of the dose was pre-
scribed for 99% of PTV.

STATISTICAL DESIGN

OS was defined by the time from the date of death
and the last control minus the first day of SABR and
was analyzed using the Kaplan-Meier method. The
significance level was set at p<0.05, and all signifi-
cance levels were two-sided. The statistical analysis
of this study was analyzed using IBM SPSS Statis-
tics (version 22.0 IBM Corp., Armonk, NY), version
22 program.

ETHICAL APPROVAL

The Ethics committee was obtained from Okmeydan:
Training and Research Hospital (approval number:
48670701-514.10) on May 08, 2018. All procedures
performed were in accordance with the ethical stan-
dards of the 1964 Helsinki Declaration.

I RESULTS

STUDY PATIENTS AND TREATMENTS

The median age of the patients was 71 (range 48-86)
years. Forty-three (84.3%) patients were men, and
eight (15.7%) were women. A total of 31 (60.8%) pa-
tients were aged above 65 years. Eleven (21.6%), 38
(74.5%), and 2 (3.9%) patients recorded KPS<80, 50-
70, and <40. All of our patients except four were
heavy smokers with comorbid diseases. The median
tumor diameter was 32 (10-85) mm, and 29 (56.9%)
patients had a greater than 30 mm tumor diameter.
Most patients were in T1 and T2 stages (n=20,
39.2%; and n=22, 43.1%, respectively). The most
common histology was squamous cell carcinoma
(n=23, 45.1%). Patient and tumor characteristics are
demonstrated in Table 1. All patients received the
SABR treatment, and 12 (23.5%) patients received
adjuvant chemotherapy.

Chemotherapy was initiated for patients receiv-
ing chemotherapy 4-6 weeks after stereotactic body
radiation therapy (SBRT). As a chemotherapeutic
agent, carboplatin (area under the curve 6) and pacli-
taxel (175 mg/m?) were often administered intra-
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TABLE 1: Patient and tumor characteristics.
Characteristics n (%)
Median age 71 {48-86) years old
Gender

Men 43 (84.3)

Women 8(15.7)
Age disturbition

<65 20(39.2)

>65 31(60.8)
Karnofsky performance status

80-100 11 (21.6)

50-70 38 (74.5)

<40 2(3.9)
Tumor diameter groups

<30 mm 22 (43.1)

>30 mm 29 (56.9)
T stages

T1 tumor 20(39.2)

T2 tumor 22 (43.1)

T3 tumor 3(5.9)

T4 tumor 6(11.8)
Tumor histology

SCC 23 (45.1)

Adenocarcinoma 10 (19.6)

NSCLC 7(13.7)

SCLC 1{2)

Unknown 10 (19.6)
Imaging methods

CT only 6(11.8)

PET-CT only 14 (27.5)

Thorax MR 1(2)

CT+PET-CT 30 (58.8)

60 Gy in three fractions in peripheral tumors. All our
BED (y doses were between 60 (1 fx 20 Gy-3 fx 30 Gy)
and 180 Gy (60 Gy/3frx). BED3 value was between
130 and 480 Gy. Seventeen (35.4%) patients were with
BED{ () 100 and below. Our patients were examined for
local control, survival rates, and the detailed causes of
death in ex-patients that might have affected survival.

TREATMENT OUTCOMES

Twenty-nine patients (56.9%) died during the median
follow-up period of 22 months. Disease-free survival
(DFS) was not attained, and OS was 32 (95% confi-
dence interval, 21.2 to 42.8) months for the whole
group (Figure 1, Figure 2). The 30"-and 90"-day
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SCC: Squamous cell carcinoma; NSCLC: Non-small cell lung cancer; CT: Computed
tomography; PET: Positron emission tomography; MR: Magnetic resonance.

venously in four cycles every 21 days. However, less
frequently, Etoposide 120 mg/m? for 1-3 days
(max: 200 mg) one, two, and third days; cisplatin
80 mg/m? was administered for four cycles every 3
weeks only on the first day. On the eighth day after
chemotherapy, neutrophil and platelet counts were
measured, and non-hematological side effect con-
trols were performed. If the patient could not toler-
ate chemotherapy after the first course or during
chemotherapy, he was excluded from the
chemotherapy group.

RADIOTHERAPY INFORMATION

Doses were 56 Gy in eight fractions in those with
ultra central tumors, while they varied between 54 and

FIGURE 1: Kaplan-Meier estimates of disease free survival (DFS) of the whole
patient cohort.
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FIGURE 2: Kaplan-Meier estimates of disease free survival (DFS) of the whole
patient cohort.
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mortality was 4.1% and 12.5%, respectively. How-
ever, mortality associated with the disease was 4.1%
in the third month. Another 8.4% of patients died
owing to the comorbidities that caused them to be in-
operable. After SABR treatment, complete, partial,
and no responses were obtained in 35 (68.6%) pa-
tients, 15 (29.4%) patients, and 1 (2%) patient, re-
spectively. Local recurrence was observed in only 2
(3.9%) patients, and distant metastases developed in
6 (11.8%) patients during follow-up. Intrapulmonary,
brain and bone, and liver metastases were observed in
4 (2.7%), 1 (0.7%), and 1 (0.7%) patient, respec-
tively. Treatment and outcomes are shown in Table 2.

In terms of median DFS, no significant differ-
ence was observed between patients with tumor di-
ameters below and above 3 cm (NA vs. NA,
respectively, and p=0.86). The median DFS and ra-
diation BED(y values did not differ in a significant
manner (NA and 42 months, respectively, and
p=0.71). In terms of DFS, no significant difference
was observed between the age groups (p=0.47).
There was no discernible difference in DFS between

TABLE 2: Treatment and outcomes.
Characteristics n (%)
Radiotherapy dose, Gy 60 (20-60)
BED1q, Gy 180 (60-180)
BED;, Gy 460 (130-460)
BED 1 groups

<100 18 (35.3)

>100 33(64.7)
First response of SABR

Complete response 35 (68.6)

Partial response 15 (29.4)

No response 1(2)
Adjuvant chemotherapy

Yes 12(23.5)

No 39 (76.5)
Locally recurrence

Yes 2(3.9

No 49 (96.1)
Distant metastasis

Yes 6(11.8)

No 45(88.2)
Final status

Died 29 (56.9)

Alive 22 (43.1)

SABR: Stereotactic ablative radiosurgery.

individuals who received chemotherapy and those
who did not (22 months and NA, respectively, and
p=0.13). Relationships with DFS are shown in Table 3.

There was a difference in OS between patients
with a tumor diameter of less than and above 3 cm;
however, it was not statistically significant (42 and
26 months, respectively, and p=0.28) (Figure 3). No
significant difference in median DFS and radiother-
apy BED1(y values was observed (32 and 30 months,
respectively, and p=0.79). There was a difference in
OS between age groups; however, it was not signifi-
cant (16 and 32 months, respectively, and p=0.47). In
patients who received adjuvant chemotherapy, the OS
results were significantly worse compared to those
who did not (16 and 40 months, respectively, and
p=0.04) (Figure 4). Survival outcomes were worse
for patients who received chemotherapy in those with
tumors larger than 3 cm than for those who did not
(16 and 40 months, respectively, p=0.04) (Figure 5).

ADVERSE EVENTS

In general, the SABR was well tolerated by our pa-
tients; however, those with peripheral localization tu-
mors who received 60 Gy radiotherapy in three
fractions had painful rib fractures and peripheral sen-
sory neuropathies (12.5% in six patients) (Grade 2-3).

TABLE 3: Relationship between treatment and clinical features
with survival parameters.
Median 08 Median DFS
Variables Months p value Months p value
Age 0.46 0.47
<65 16 NA
>65 32 NA
Tumor diameter 0.28 0.86
<30 mm 42 NA
>30 mm 26 NA
BED, groups 0.79 0.71
<100 32 NA
>100 30 42
Chemotherapy 0.042 0.13
Yes 16 22
No 40 NA
First response 0.14
Complete response 40
Partial response 22

aStatistically significant; OS Overall survival; DFS: Disease free survival.
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FIGURE 3: Comparison of the OS according to tumor diameter.
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FIGURE 4: Comparison of the OS according to receiving Chemotherapy.

Additionally, radiologically asymptomatic Grade 1
radiation pneumonia was observed in 15 (31%) pa-
tients. No toxicity of Grade 4 and above was ob-
served in our patients. No late toxicity associated with
BED3 values developed.

I DISCUSSION

In our study, the patients with tumors larger than 3
cm and treated with adjuvant chemotherapy had
worse OS rates than those who did not receive
chemotherapy. Additionally, no significant relation-
ship was detected between DFS and age, tumor di-
ameter, BEDq(

values, and chemotherapy
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FIGURE 5: Comparison of the OS according to receiving CT whose tumor dia-
meter <3 cm.

administration in our cohort. Patients with tumors
less than 3 cm had better survival than those with
larger diameter tumors; however, it was not statisti-
cally significant. There was found no significant re-
lationship between OS and age or BED ) values.

In the early stages of medically inoperable pa-
tients, radiosurgery applications are considered stan-
dard treatment modalities.'> Two randomized trials,
“STARS and ROSEL,” compared lobectomy with
SABR, and 3-year OS was reported to be in favor of
SABR at 95% and 79%, respectively (p=0.037).'°
SABR has outperformed routinely fractionated RT in
terms of primary tumor control rates and OS rates re-
gardless of tumor size.’ In the Phase 3 TROG 09.02
CHISEL trial, in patients with stage 1 (T1-T2A) (<3
cm tumor) NSCLCs, when SABR was compared to
conventional radiation, the former produced greater
local management of the primary disease without in-
creasing severe toxicity.'® In our study, the survival
results of Stage 1 (<3 cm tumor) patients were better,
and local control rates were consistent with the liter-
ature. Moreover, there was no difference in DFS in
tumors larger than 3 cm.

In a retrospective review of more than 5,000 pa-
tients with resected early-stage NSCLCs, Eguchi et
al. detected a higher rate of non-cancer mortality, es-
pecially in those aged above 75 years.!” This was
stated as the leading cause of death for the first year
after treatment. The most frequent reason for death
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was found to be a cardiopulmonary disease in the first
90 days after the surgery. In our study, the median
age of the patients was 71, and mortality associated
with the disease was 4.1% in the third month. An-
other 8.4% of patients died owing to the comorbidi-
ties that caused them to be inoperable.

Uncertainties regarding adjuvant chemotherapy
treatment after SBRT are observed in early-stage lung
cancers. Several studies have detected that patients
with early-stage NSCLCs who received surgery or
SBRT had similar and long OS and cancer-specific
survival.®” In our study, the median follow-up time
was 22 months, and OS was 32 months in accordance
with the literature. Ernani et al. found that SBRT fol-
lowed by adjuvant chemotherapy was associated with
a better OS than SBRT alone in patients with tumors
4 cm or larger.'* However, the survival advantage
could not be demonstrated in our study, in patients
who received chemotherapy and had tumors larger
than 3 cm. The ANITA study demonstrated a rela-
tionship between tumor diameter and the need for ad-
juvant chemotherapy.'” The use of adjuvant
chemotherapy for patients with stage IB disease was
supported by the JBR10 and CALGB 9633 studies,
unlike the late-stage results in their first report in
those with early-stage. There is no comprehensive
randomized study with patients who need adjuvant
therapy in the post-SABR period. However, none of
these studies included patients receiving SABR. In
our study, the OS rates of the patients who received
chemotherapy were found to be significantly lower
than those who did not receive chemotherapy. The
result depicts that chemotherapy can be avoided in
patients with low clinical performance status, even if
they have locally advanced diseases. Additionally,
SABR has a very low side effect profile, and the
treatment safety profile was also good in our study.

There are several limitations to this study. First,
it was a retrospective study with a diverse patient
population. Second, the sample size was small, and
factors that were significantly associated with out-
comes here might be important in a larger population.
In our study, the median follow-up time for patients
treated with SBRT was 22 months, which might have
been insufficient to detect some complications.

I CONCLUSION

The SABR treatment without the addition of
chemotherapy offers excellent local control in early-
stage lung cancer patients with a low side effect pro-
file.
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