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ABSTRACT

Purpose: There is increasing interest in using stereotactic body radiation therapy (SBRT) in areas of oli-
goprogressive metastatic disease (OPD). Our main objective was to investigate the impact of SBRT on
overall survival (OS) and the incidence of systemic therapy treatment switches in this population.
Methods: A retrospective institutional review of patients treated with SBRT for OPD was performed.
Patients were included if they received SBRT for 1-3 discrete progressing metastases, using a dose of
at least 5Gy per fraction. The study aimed to calculate progression-free survival (PFS), overall survival
(0S), local control (LC), and incidence of treatment switch (TS). PFS and OS were calculated using the
Kaplan-Meier methodology, while LC and TS were determined using cumulative incidence.

Results: Eighty-one patients with a total of 118 lesions were treated with SBRT from July 2014 to
November 2020. The Median SBRT dose was 40 (18-60) Gy in 5 (2-8) fractions. Patients had primarily
kidney, lung, or breast cancer. Most patients were treated with a tyrosine kinase inhibitor (TKI) (30.9%)
or chemotherapy (29.6%) before OPD. The median follow-up post-SBRT was 14 months. Median OS
and PFS were 25.1 (95% Cl 11.2-39.1) months and 7.8 (95% Cl 4.6-10.9) months, respectively. The
cumulative incidence of local progression of treated lesions was 5% at 1year and 7.3% at 2 years. Sixty
patients progressed after SBRT and 17 underwent additional SBRT. Thirty-eight patients (47%) changed
systemic therapy following SBRT; the cumulative incidence of TS was 28.5% at 6 months, 37.4% at
1year, and 43.9% at 2 years.

Conclusions: SBRT effectively controls locally progressing lesions but distant progression still occurs
frequently. A sizeable number of patients can be salvaged by further SBRT or have minimally progress-
ing diseases that may not warrant an immediate initiation/switch in systemic therapy. Further pro-
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spective studies are needed to validate this benefit.

Introduction

Oligoprogressive disease (OPD) is a relatively new clinical
concept that has been garnering increasing interest in recent
years. This term is distinct from that of oligometastatic dis-
ease as originally described by Hellman and Weichselbaum
[1], which refers to patients who have metastatic disease
that is limited in the overall number of sites, typically
described as up to five lesions. This leads to oligometastatic
disease being defined as an intermediate state between
localized and widespread disease [2]. OPD on the other hand
is a more specific clinical scenario that occurs when patients
are either on systemic therapy or surveillance for more
widely spread metastatic disease. After initial stability or
response to treatment, disease progression then occurs in
only a limited number of sites with a stable response at the
other sites [3,4].

The reason for this variable response to systemic therapy
is hypothesized to be related to inter and intratumor

heterogeneity and the development of drug-resistant sub-
clones [5]. This has been investigated by Gerlinger et al. in
patients with NSCLC where biopsies of the primary and
metastatic disease sites demonstrated significant genetic het-
erogeneity [6,7]. The mechanisms behind this variation were
discovered to be related to changes in receptor and signal-
ing pathways as investigated by Campo et al. [8]. With the
increased usage of oncogene-directed treatment, as well as
immunotherapy, the variation between metastatic sites has
significant implications for the effectiveness of treatment
paradigms [9]. When patients progress on their systemic
therapy there are essentially three reasonable treatment
options described in the literature—changing the systemic
therapy, continuing the same systemic therapy beyond pro-
gression, or using local therapy to eradicate the treatment-
resistant clones [10,11].

It is through this lens that the role of radiotherapy in the
treatment of OPD has arisen. Using stereotactic body radi-
ation therapy (SBRT), the progressing sites can theoretically
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be targeted and ablated. The number of progressing sites
has typically been described as up to three to five lesions
[1,3,5] in a paradigm like an oligometastatic disease. The
main purpose would be to delay the need for a systemic
therapy regimen switch [12]. Targeting sites of OPD with
SBRT has already been introduced as part of the manage-
ment of patients with non-small cell lung cancer (NSCLC)
and is included in clinical practice guidelines as a viable
treatment strategy [13,14]. However, further work is needed
to demonstrate the benefits of this treatment approach.
Preliminary studies in NSCLC, prostate and renal cell cancers
have found that the ablative treatments for OPD are safe
with minimal toxicities [15-17], and may lead to improved
disease control.

The purpose of the current study was to perform a single
institution review of cancer patients with OPD treated with
SBRT. The main objective of this work was to determine if
SBRT would provide a tangible benefit in terms of delaying
overall progression, controlling resistant metastatic lesions,
and increasing the time to therapy switch.

Methodology
Study design

A retrospective chart review of oncology patients was con-
ducted at a large Canadian academic center following insti-
tutional ethics approval. Using an institutional database
query search all patients who received SBRT at a minimum
of 5Gy per fraction treated from January 2009 to November
2020 were identified. Clinical records were reviewed, and all
patients defined to have OPD with extracranial metastasis
were identified. The inclusion criteria of the study were as
follows: (1) Patient received SBRT for Extracranial OPD. (2)
Patients must have 1-5 (no identified patients had >3) oligo-
progressive metastasis, defined as progressive disease
detected with either CT, MRI, PET, or bone scan (depending
on the clinical scenario). (3) Patients must have been treated
with SBRT with a dose of at least 5Gy per fraction. Exclusion
criteria were as follows: (1) Intracranial Oligoprogressive
Metastasis, (2) Patients who were diagnosed with OPD but
did not receive SBRT treatment.

Clinical criteria

All SBRT was given according to institutional standards for
each given disease site and dose, technique, and organ-at-
risk tolerances based on established institutional protocols
[18,19]. Baseline clinical parameters were determined
through retrospective collection of electronic records includ-
ing patient age, sex, primary disease, treatment characteris-
tics, and details of patient follow-up.

Operationally, the outcome of progression-free survival
(PFS) was defined as the time between the end of SBRT
treatment and the identification of the first local or distant
progression, or death. For additional outcomes, overall sur-
vival (OS) was measured from the end of SBRT treatment to
the last follow-up or death. The period between the end of

SBRT treatment and the date of the switch (or start) of the
systemic therapy regimen was used for the incidence to
switch systemic therapy treatment. Patient and lesion
response to SBRT treatment was defined utilizing the RECIST
1.1 criteria [20]. Responses were categorized as Complete
Response (CR), Partial Response (PR), Progressive Disease
(PD), and Stable Disease (SD) based on routine imaging find-
ings on patient follow-up, as per disease site, and standard
clinical care practices.

Toxicity

Adverse SBRT Toxicities were retrospectively collected and
scored according to the RTOG and EORTC toxicity criteria for
radiation therapy [21]. Acute Toxicity was defined as symp-
toms presenting within 3months and late toxicity was
defined as symptoms presenting >3 months.

Statistical analysis

The main outcome studied was PFS after SBRT. Important
additional outcomes included incidence of systemic therapy
treatment switch (TS), OS, local control, and grade of toxicity.
Kaplan-Meier analysis was carried out for the overall and
progression-free survival outcomes. while local control and
treatment switch was determined using cumulative incidence
to account for competing risks of death without progression.
Additionally, the following statistics were performed: a) a uni-
variate and multivariate cox regression model with PFS as
the main outcome of interest and b) a comparison of the
cumulative incidence of treatment switch based on predic-
tors identified using the cox regression analysis. All analyses
were performed using Microsoft Excel 365, and IBM SPSS
v. 20.

Results
Patient information

A full set of patient information can be seen in Table 1.
Overall, 81 patients were identified with OPD metastatic dis-
ease treated from July 2014 to November 2020. The majority
of patients were ECOG 0 or 1. Most patients had Renal cell
carcinoma (RCC), NSCLC, breast, and colorectal cancer.
Patients presented with a wide variation in the initial stage
at presentation, and variable time from initial diagnosis of
metastatic disease to the development of OPD, with a
median time of 24 months (range 0-108 months).

Oligoprogressive disease and SBRT characteristics

The oligoprogression and SBRT characteristics can be seen in
Tables 2 and 3. The majority of patients were on either
Tyrosine Kinase Inhibitor (TKI) therapy, chemotherapy, or
immunotherapy before their OPD. Ninety-four percent of
patients received systemic therapy for metastatic disease.
Moreover, ten percent of patients had RCC, thyroid cancer,
or sarcoma and were on surveillance for indolently



Table 1. Baseline patient characteristics.
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n %
Gender
Male 39 48.1
Female 42 519
Median Range
Age 65 40-85
n %
Performance status (ECOG)
At time of SBRT
0 36 44.4
1 36 444
2 4 49
3 2 25
4 0 0.0
Primary cancer
Renal cell carcinoma 19 235
Non-small cell lung cancer 14 17.3
Breast cancer 12 14.8
Colorectal cancer 12 14.8
Melanoma 6 74
Other 18 222
Initial stage at presentation
Stage 1 12 14.8
Stage 2 18 22.2
Stage 3 17 21.0
Stage 4 34 42.0
Median Range
Time from diagnosis to 7 0-225
metastatic disease (months)
Time to oligoprogression from diagnosis of 24 0-108

metastatic disease (months)

Table 2. Systemic therapy and oligoprogressive disease characteristics.

Table 3. Metastasis and SBRT details.

Receipt of systemic treatment for metastatic disease? n % n %
Yes 76 93.8  Number of progressing metastases
No 5 6.2 N=118 total mets
Local therapy prior to oligoprogression? 1 54 66.7
Yes 35 432 2 17 21.0
No 46 56.8 3 10 123
Local therapy received Site of progressing metastases
Surgery 9 30.0 N=118 metastases
SBRT 13 371 Lung 35 29.7
Surgery + SBRT 2 5.7 Liver 30 25.4
Cranial SRS 4 1.4 Non-spine bone 1 9.3
Palliative RT 6 17.1 Adrenal gland 10 8.5
Other 1 29 Abdominal node 10 8.5
Number of systemic Tx lines prior to oligoprogression Hilum/mediastinum 9 7.6
0 4 5.0 Spine 6 5.1
1 37 45.7 Other 7 5.8
2 25 309 Median Range
3 M 136 |esion size (cm) 2.2 0.5-7.0
4 _ _ _ 4 49 SBRT dose (Gy) 40 18-60
Systemic therapy prior to oligoprogression SBRT fractions 5 )-8
TKI therapy 25 30.9
Chemotherapy 24 29.6
Immunotherapy 10 12.3 . L. . . . . .
Hormonal therapy 7 g6 @ wide variation in the sites of progressing metastasis with
Chemotherapy/TK| 5 62 over 50% occurring as lung or liver metastases. Of note,
CDK 4/6 inhibitor 2 2.5 .
X however, is the fact that ~29% of the cohort had SBRT, sur-
On surveillance 8 9.9

progressing metastatic disease. These patients were still con-
sidered to have OPD despite having never been previously
treated with systemic therapy, as previous data has sup-
ported active surveillance in these patient popula-
tions [22,23].

A total of 118 metastases received SBRT. The median
SBRT dose was 40 (18-60) Gy in 5 (2-8) fractions. There was

gery, or both for initial oligometastatic disease, before
oligoprogression.

Clinical outcomes

The median follow-up post-SBRT was noted to be 14 months.
Figures 1 and 2 depict PFS and OS outcomes. Median PFS in
the entire cohort was 7.8 months (95%CI| 4.6-10.9). Median
OS was 25.1 months (95% Cl 11.2-39.1). In terms of patterns
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Figure 2. Kaplan—-Meier analysis of progression free survival in oligoprogressive

of progression, most patients progressed distantly following
SBRT, with a total of 56 patients having progressed distantly,
5 with isolated local progression, and one patient with pro-
gression both locally and distantly. The cumulative incidence
of local failure can be seen in Figure 3 and was 5% at 1year
and 7.3% at 2years.

The systemic therapy treatment switch analysis is seen in
Figure 4. The incidence of patients who underwent TS was
28.5% at 6 months (95%Cl 20-40.6), 37.4% at 1year (95%Cl
27.8-50.3), and 43.9% at 2years (95%Cl 33.3-58.0). In total,
38 patients (47%) had a switch in systemic treatment follow-
ing first or subsequent progression. Moreover, 17 patients
received additional SBRT for further OPD, with three of them
(21%) not requiring a subsequent TS.

metastatic disease. Median progression free survival was 7.8 months.

Finally, toxicity data can be seen in Table 4. No patients
experienced grade 4 or 5 acute or late toxicities. Over half of
the patients did not experience any acute toxicity and those
who did primarily experienced fatigue, pain, or nausea/vom-
iting, all of which were self-limiting. Only 1 patient experi-
enced late toxicity due to SBRT.

Table 5 demonstrates the results of our multivariate cox
regression analysis. Of note, a univariate analysis was per-
formed and the only significant factor was the time to oligo-
progression after the initial diagnosis of metastatic disease.
This was reflected as the main statistically significant result
in the Cox multivariate analysis. For the melanoma subgroup
although there was noted to be a significant difference there
were only six patients in this cohort which could significantly
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Figure 4. Cumulative incidence demonstrating the proportion of patients who had a switch in systemic therapy treatment over time.
Table 4. Toxicity characteristics.
Grade 81 Total patients No acute toxicity G1 G2 G3 G4 G5
Acute toxicity (within 3 months) Total 62% 23% 12% 1%
Fatigue 6% 1%
Pain 5% 5%
Nausea/Vomiting 9% 4% 1%
Shortness of Breath 2%
Pneumonitis 2%
Dermatitis 1%
No Late Toxicity G1 G2 G3 G4 G5
Late toxicity (after 3 months) 99% 1%
Cytopenia 1%
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Table 5. Multivariate model for predictors of progression-free survival.

Hazard ratio lower Hazard ratio upper

Variable p-Value Hazard ratio bound (95%) bound (95%)
Time to oligoprogression (increasing) <0.001 0.972 0.000 0.987
Time to initial recurrence (increasing) 0.426 1.004 0.994 1.014
Age (increasing) 0.647 0.993 0.964 1.023
Primary cancer

Renal cell carcinoma Reference

NSCLC 0.928 1.055 0.328 3.396

Breast 0.804 1.180 0319 4.360

Colorectal 0.336 1.762 0.556 5.585

Melanoma 0.001 0.051 0.000 0.295

Other 0.621 1.316 0.443 3.909
Previous local therapy for metastatic
dz

No Reference

Yes 0.221 1.527 0.775 3.007
Lesions treated

1 Reference

2 0.804 1.116 0.467 2.669

3 0.252 1.899 0.634 5.692
Number of organs treated

1 Reference

2 0.709 0.774 0.202 2971

3 0.195 4,745 0.451 49.883
Sites treated

Adrenal Reference

Liver 0.444 1.688 0.442 6.450

Lung 0.776 1.205 0.335 4330

Thoracic/abdominal nodes 0.122 0.332 0.082 1.341

Non spine bone 0.191 0.358 0.077 1.668

Pancreas 0.961 0.947 0.111 8.105

Spine 0.238 0.332 0.053 2.073

Other 0.616 1.669 0.225 12.380
SBRT lesion size

<2cm Reference

2-5cm 0.078 1.984 0.926 4.251

>5cm 0.967 0.974 0.279 3.403
SBRT dose

<40Gy Reference

>40 Gy 0.201 0.534 0.204 1.397

skew the result. Of note, there was also an increasing trend
as the number of treated organs increased.

In Figure 5, a Gray test was performed for the Cumulative
incidence utilizing the time to oligoprogression as a dichot-
omous variable around the median value. The comparison
for the test looked at the cumulative incidence of treatment
switch for an oligoprogression time less than or equal to the
median (24 months) as compared to the time to oligoprog-
ression >24 months. The p-value for this analysis was 0.068.
It can also be seen that at 1year the Cl for treatment switch
is ~53% for the group that had a time to oligoprogression
<24 months, whereas it is 27% for the group which had a
time to oligoprogression >24 months.

Discussion

This retrospective study investigated eighty-one patients
with a total of 118 lesions that were treated with SBRT for
OPD. In this work, a variety of disease sites and systemic
therapy strategies were included. The goal was to look not
only at PFS and OS but also investigate the effect that SBRT
can have on the time to switch systemic therapy.

The interpretation of the current studies results requires
two key considerations. The first is that a considerable por-
tion of the literature on OPD is directed toward NSCLC.

However, in this study, only 17% of the identified patients
had NSCLC, with RCC, breast, and colorectal cancers making
up over 50% of patients. Secondly, since a variety of disease
sites were investigated there was a variation in the systemic
therapy that patients were receiving before oligoprogression.
This heterogeneity in the disease sites and systemic therapy
regimens used does require a broader interpretation of the
treatment of OPD in general.

Nonetheless, to appreciate the literature in the field a
look at NSCLC is beneficial. In Table 6 a comparison of the
findings from various studies can be seen. In NSCLC a review
study found that PFS has varied between 5.5 and 10 months
in various studies [11]. Two of the largest studies performed
included 206 and 106 patients. Xu et al. [24] found a median
PFS of 7.6 months and an OS of 37.4 months. Borghetti et al.
[25] found an overall survival of 23months. A study by
Weickhardt et al. [15] investigated intracranial or extracranial
oligoprogressive disease and found a progression-free sur-
vival after local therapy of 6.2 months. However, the patients
with intracranial oligoprogression had a median PFS of
7.1 months whereas those with the extracranial disease had a
median PFS of 4.0 months. This suggests there may be add-
itional value in separate investigation and analysis of patients
with intracranial oligoprogressive disease. The patients in this
current study were only treated for extracranial OPD.
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equal to the median (24 months). Group 2 was defined as the time to oligoprogression greater than the median (24 months). The p-value in this case was 0.068.

Table 6. Oligoprogressive disease comparison summary.

Local control

Disease site PFS (months) 0OS (months) Systemic therapy treatment switch (12 months)
Current study Various 7.8 25.1 Cl of 37.4% at 1 year 95%
Cl of 43.9% at 2 years
Franceschini et al. (2020) NSCLC review 5.5-10 22-41 NR 48-86%
Xu et al. (2019) NSCLC 7.6 374 NR NR
Borghetti et al. (2019) NSCLC NR 23 NR NR
Weickhardt et al. (2012) NSCLC 6.2 NR NR NR
Gan et al. (2014) NSCLC 5.5 39 NR 86%
Triggiani et al. (2019) Prostate 12.3% NR One-year systemic treatment free survival 72.1% at 1 year 80%
Ingrosso et al. (2021) Prostate 13.47 383 Next line systemic therapy survival NR
58.6% at 1 year
32.9% at 2 years
Ji et al. (2021) Colorectal 6.8 26.1 Cl of 50.5% at 1 year 94.1%
Meyer et al. (2018) Renal cell 8.6 23.2 10.5 month median 82.9%
Pembrooke et al. (2018) Various 6.4 22 11 month median 48%

NR: not reported.
*Defined as metastasis-free survival after SBRT.

Additionally, in the current OPD patient population, there
may be greater clinical relevance for TS and prolongation of
systemic therapy as endpoints, as opposed to more trad-
itional PFS measures. Currently, there are prospective studies
for NSCLC and Renal Cell Carcinoma, such as the HALT and
STOP-NSCLC trials, which are further investigating the clinical
benefit of SBRT [3].

When looking outside of NSCLC an 86 patient retrospective
study on prostate cancer by Triggiani et al. [26] found a
median metastasis-free survival of 12.3 months with one- and
two-year distant progression-free survival of 52.3 and 33.7%,
respectively. Pembroke et al. [27] studied 57 cases of oligo-
progression in a variety of disease sites and found a median
OS and PFS of 22 and 6.4 months, respectively. Cheung et al.

performed a prospective phase Il study of metastatic renal cell
cancer OPD patients and found that the two-year OS was 77%,
the Cl of TS was 47% at 1year and 75% at 2years, with a
median TS time of 12.6 months [28]. The current study found a
median OS of 25.1 months and a median PFS of 7.8 months
and a Cl of TS of 37.4% at 1year and 43.9% at 2years. which
is consistent with the findings of these previous studies. This
should also take into context the fact that there was a median
time of diagnosis of oligoprogression of 24 months after their
original metastatic diagnosis. This suggests that applying SBRT
to progressive lesions can delay the need to start or switch
systemic therapy and lead to a prolongation of PFS time.

Only five patients in this study had a local failure. Local
control was 95% at 1year and 92.7% at 2 years. Gan et al. [29]
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found a local control of 86% at 12 months in NSCLC whereas
Pembroke et al. found a local control of 48% at 12months
over various disease sites [25]. Despite the variation between
different studies, the experience at our center supports the
idea that SBRT for this patient population will lead to effective
local control. Unfortunately, it is worth noting that 56 patients
in our study did progress distantly. Further work to elucidate
the benefit that this treatment option has on quality of life
and resolution of local symptoms would be beneficial in fully
characterizing the benefit of SBRT in oligoprogressive disease.

With ongoing developments in systemic therapy and
immunotherapy patients are living longer with widespread
metastatic disease [15,24,25]. By potentially prolonging the
time before patients must switch or start new systemic ther-
apy options SBRT for OPD patients could provide oncologists
with additional time before moving on to next line systemic
therapy. In this study thirty-eight patients (47%) changed sys-
temic therapy following SBRT with a cumulative incidence of
treatment switch of 43.9% at 2years. Studies in various dis-
ease sites have demonstrated a variety of systemic or treat-
ment-free survival timelines as seen in Table 6 [30-32]. In
this study, the use of additional SBRT for 17 patients who
had further OPD, despite operationally having an event that
would classify as progression may have also contributed to
the prolongation of time before the treatment switch. There
is clearly variation in the literature between differing disease
sites which is an important consideration for studies of OPD
moving forward [32]. This is likely caused by a multitude of
factors including differences in the systemic therapy regi-
mens that patients were on before their OPD and the inher-
ent aggressiveness of various disease phenotypes.

In the current study, the multivariate analysis demon-
strated that the time to oligoprogression was the only sig-
nificant factor that influenced progression-free survival.
Although not statistically significant the patients who had a
time to oligoprogression under 24 months had a notably
higher incidence of treatment switch at 1year. This demon-
strates that patients who quickly progressed to oligoprogres-
sive disease after their initial malignancy diagnosis had a
higher chance of requiring a treatment switch after SBRT.
This difference between the two population groups could
help to inform the design of future studies.

Although it is difficult to draw definitive conclusions on
the effectiveness of SBRT to delay systemic therapy, with the
advent of new treatment therapies and the increasing preci-
sion of radiation techniques there is an ongoing need to
understand the benefits that this therapy can provide.

This study of course had several limitations. These include
the retrospective nature of the analysis and the heterogen-
eity in disease site and patient characteristics. Additionally,
this study design leads to inherent selection bias, including
immortal time bias, given the long duration in general
before administration of SBRT. Therefore, these patients may
inherently have a better prognosis disease, and thus,
respond more favorably to any therapy, including prolonga-
tion of systemic therapy without SBRT. Conversely, this could
also indicate that clinicians (both referring and treating) are
selecting patients carefully with the potentially better

biological disease who may have more durable responses
and future salvageable sites of progression. Moreover,
changes in institutional policy, knowledge, and technology
over time could have an impact on the findings. Overall
though the study’s findings are consistent with the current
literature and continue to suggest the potential benefit of
SBRT for OPD, particularly in disease sites (breast, colorectal
cancer) that may not be as well-studied as NSCLC and RCC.
Further prospective studies are needed to further quantify
the impact on PFS and OS as well as the implications of
SBRT on the systemic therapy management of this
patient population.

Conclusion

In summary, this was a retrospective institutional review
aimed to investigate the impact of SBRT on patients with
OPD. SBRT demonstrated the ability to effectively control
locally progressing lesions without significant toxicities.
However, while patients did still frequently experience dis-
tant recurrence, there was a considerable proportion of
patients who had minimally progressing disease. Over half of
the patients in this study did not require a treatment switch
at two years. This can be realized through either continu-
ation of a current systemic regimen or prolongation of their
time of treatment. This could result in an improvement in
patients’ quality of life or potentially prolong their PFS.
Further prospective studies are warranted to validate and
optimize the benefit of integrating SBRT with systemic ther-
apy strategies to help improve the care of patients
with OPD.
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