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INTRODUCTION

High-dose radiotherapy is considered curative
due to high radiographic local control rates. Herein, we
review the limitations of response assessment and explore
the oncological consequences of residual disease after
radiotherapy.

Is SABR ablative?

Stereotactic ablative radiotherapy (SABR) is
utilized in various settings including non-operative
early-stage non-small cell lung cancer (NSCLC),
prostate adenocarcinoma, hepatocellular carcinoma
(HCC), renal cell carcinoma (RCC) and in the
metastatic setting. SABR is considered ablative due to
excellent radiographic local control rates. Three-year
radiographic control rates in early-stage NSCLC [1],
renal cell carcinoma [2] and hepatocellular carcinoma
[3] are 85+%, 100% and 86% respectively, and 5-year
biochemical control rates of 85+% are seen in prostate
cancer [4]. Pathological analysis, however, shows SABR
is potentially not ablative. Residual cancer is identified
on histology in 40% of lung [5], 57—69% of renal cell
[6, 71, 7.7-47.6% of prostate [8] and 0—86.7% [9-22]
of hepatocellular carcinoma. Also, there is no increase
in pathological complete response (pCR) rates with
increasing time following SABR (<74 vs. >74 days)
in lung cancer [5, 23] or in hepatocellular carcinoma
(Table 1 and Figure 1). Due to this broad range of
response rates, controversy exists over the meaning of
residual disease on pathological examination following
treatment [24].

Discordance between pCR and radiographic local
control rates is multi-factorial. While radiographic rates
of local control are high, they may be artificially elevated
because of limited follow-up, high rates of mortality,
and small patient sample sizes. Local failures can often
be difficult to evaluate in the background of post-SABR
changes such as lung fibrosis or consolidation. The 3-year
radiographic local control rates for liver metastases ranges
between 50-91% [25, 26] and for pancreatic cancer, 58.5%
[27]. Inferior outcomes in these settings may be related to
the inability of SABR to achieve ablation. Here, we review
the potential oncological significance of residual disease
and discuss potential strategies to improve the ablative
potential of SABR.
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Residual disease is associated with worse outcomes

Treatment response is assessed by various
approaches, including physical exam (e.g., endoscopy),
radiology (anatomic or metabolic imaging), blood-based
biomarker (prostate specific antigen), or invasively with
histological assessment of residual disease. A clinical
complete response (cCR) is generally defined as no
visible disease on radiographic or physical examination,
whereas pathological complete response (pCR) is defined
as no histological evidence of tumor. Anal squamous
cell carcinoma (SCC) treated with chemoradiation
demonstrates delayed tumor regression with cCR at 11
weeks in 53-73% of patients which increases to 80-90%
at 26 weeks [28]. Pathological complete response from
biopsies between 4—6 weeks is 83-93% depending on
tumor size [29]. While delay in clinical response/tumor
regression is not associated with inferior oncological
outcomes, patients without a cCR at 6 months have worse
overall survival compared to those with cCR (5-year
survival 46 vs. 87%, respectively) [28].

Rectal adenocarcinomas treated with total neoadjuvant
therapy (TNT) with long-course chemoradiotherapy exhibit
a cCR 0f 41% at a median of 7.6 weeks without significant
clinical regression thereafter [30]. pCR is 28% with TNT
[31]. Unlike anal cancer, patients who don’t achieve a
cCR at initial assessment have worse outcomes. Clinical
local failure rate is 50% vs. 20% respectively if <cCR vs.
cCR. More concerning is that distant metastasis (DM),
among those with an initial cCR who ultimately develop
local failure (LF), is 22.2% vs. 5.2% for those with
sustained response [30]. The Memorial Sloan Kettering
Cancer Center (MSKCC) watch-and-wait experience
in non-operative management of rectal cancer confirms
the negative prognostic value of residual disease. Among
patients with pCR after neoadjuvant therapy and surgery,
5-year OS/DFS is 94/92% versus 73/75% for those with
a cCR [32].

Residual disease is similarly prognostic in
other malignancies. Patients treated with neoadjuvant
chemoradiotherapy for cervical cancer  demonstrate
inferior outcomes based on the extent of residual disease.
Disease-free and overall survival at 5 years for patients
with pCR, microscopic residual disease (<3 mm) and
macroscopic residual disease (>3 mm) was approximately
86/92%; 80/89%; 56/68% [33]. Using individual patient
data from randomized trials and Markov chain modeling,
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Table 1: Pathological outcomes after SABR

Tumor diameter (cm) BED10 Time to transplant (months) PCR (%)
4.5[9] 58.83 Not Reported 133
2.01[10] 47.6 4 14
2.67 [11] 168.7° 3.8 25
3[12] 137.7 3.7* 27
2.5[13] 151.2 4.8 27.3
3.2[14] 85.5 8.33° 28
3[15] 100 5.7 28.5
2.4116] 72 8.8 45
2.3 [17] 72 5 46
2.8 [18] 100 12.7° 48.1
2.6 [19] 85.5 6.9 58.3
3.05 [20] 100 9.6 62
2.8 [21] 168 6 85
4.2122] 112.5 7.8 100¢

“Time was reported in days in paper, converted to months in this table. *Calculated from reported data in paper. °1-2 cycles
of TACE was given prior to SABR.
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Figure 1: Pathological complete response rates versus time to transplant after SABR. Each data point represents a different
study. There is no association between time to transplant after SABR and pCR rate (R?=0.16, p = 0.18).
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Kishan et al. demonstrate that failure to control local
disease may seed distant metastasis in prostate cancer
[34]. This is consistent with the MSKCC experience
showing increased risk of distant metastasis in patients
with residual disease on prostate biopsy (at median of 38
months post radiotherapy), 45% vs. 19% at 15 years [35].
Similar results were seen in patients treated with SABR
for prostate adenocarcinoma with 5-year PSA relapse of
57% vs. 7% for those with residual disease versus those
with pCR respectively (biopsy performed at median of 2.2
years post SABR) [36].

Collectively, these data demonstrate that across a
variety of cancers residual disease can persist after therapy
and is associated with worse outcomes. These findings
are consistent across treatment strategies (conventionally
fractionated radiotherapy, chemoradiotherapy and SABR).

Dose escalation and novel combination therapies

While worse disease biology may increase the
likelihood of both local failure and distant metastasis,
accounting for the association between residual disease
and worse outcomes, multiple studies have shown that
dose escalation improves outcomes. The OPERA trial
showed improved rectal preservation rates for tumors
<3 cm with dose escalation using contact brachytherapy
(63% vs. 97% at 3 years) [37]. A phase I SABR dose-
escalation study for localized prostate cancer showed
2-year positive biopsies decreased with dose-escalation:
47.6%, 19.2%, 16.7% and 7.7% for 32.5, 35, 37.5 and
40 Gy with corresponding 5/8-year PSA failure: 15/26%,
6/15%, 0/3.4% and 0/6% respectively [8, 38]. The phase
IIT FLAME trial confirmed that dose-escalated treatment
of intra-prostatic nodules improves biochemical control
(85% vs. 92% at 5 years) [39].

One phase 111 trial in intermediate risk prostate cancer
(RTOG 0126) demonstrated reduced distant metastasis
at 15 years (11 vs. 6%) [40] with prostate radiation dose
escalation using conventional fractionation. Similarly, in
high-risk patients GETUG 18 showed improved overall
survival, cancer-specific survival, and progression-
free survival with dose escalation to the prostate [41].
Retrospective data has demonstrated dose escalated SABR
(BED,,>100 Gy) improves radiographic local control rates
for colorectal liver metastasis (93% vs. 65% at 3 years) [26].

Androgen deprivation therapy and chemotherapy
are well-established systemic therapies known to improve
response to radiotherapy and oncological outcomes.
Immune checkpoint inhibitors have shown efficacy for
a variety of cancers, particularly in the low metastatic
burden setting [42], and combining this with radiotherapy
is gaining interest. The phase II randomized trial by Chang
et al. compared SABR alone vs. SABR + nivolumab (1st
cycle delivered same day or 36 hours after first fraction,
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g4 weeks for each cycle) and found that combination
therapy decreased radiographic local failures (13.3% vs.
0%) and distant metastasis (16% vs. 3%) [43]. Radiation
dose escalation and use of checkpoint inhibitors have
not uniformly produced improved outcomes however
(ARTDECO, RTOG 0617, CALLA) [44—46]. Future trials
should explore a combination of dose escalation, immune
modulators to decrease the immune suppressive effects
of radiotherapy and checkpoint inhibitors to improve the
ablative potential of SABR.

CONCLUSIONS

SABR is a well-established therapy in both the
curative and metastatic setting, however, its ablative
potential may not be as high as suggested by radiographic
local control rates. Post-SABR biopsies reveal nontrivial
rates of residual disease, which is associated with worse
outcomes. Radiation dose-escalation and novel immune
modulating systemic therapies may improve the ablative
potential of SABR and ultimately translate to improved
oncological outcomes.
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