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Introduction

Recently the addition of immune checkpoint inhibitors 
(ICIs) into the upfront treatment of extensive-stage small 
cell lung cancer (ES-SCLC) was shown to improve survival 
in unselected patients (1). Prior to this advancement, 
treatment of ES-SCLC included standard of care platinum-
doublet chemotherapy, with consideration of consolidative 
thoracic radiotherapy (RT) and prophylactic cranial 
irradiation (PCI) in patients who achieved response (2-4).  
The addition of both thoracic and brain-directed 
radiotherapy is supported by randomized clinical trial data, 
but patient and tumor factors often drive the utilization of 
RT in an individual patient. In this review, we examine how 
the incorporation of ICIs into the treatment paradigm may 

impact the enthusiasm for consolidative thoracic RT and 
PCI in ES-SCLC. 

Immunotherapy in ES-SCLC

SCLC is characterized by frequent loss of tumor suppressors 
TP53 (5,6) and RB1 and results in an aggressive, highly 
complex malignancy at the molecular level with a large 
number of mutations present in each tumor (7). A number 
of studies have suggested that tumor mutational burden 
is associated with benefit from immunotherapy (8).  
SCLC carries one of the strongest associations with 
tobacco carcinogenesis and highest mutational burdens 
of any malignancy, and therefore is considered ideal for 
consideration of immunotherapy (7). 
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Ipilimumab, an anti-cytotoxic T-lymphocyte-associated 
protein 4 (CTLA-4) monoclonal antibody, was the first ICI 
investigated in ES-SCLC in combination with platinum 
doublet chemotherapy. In a phase II study, patients with 
untreated ES-SCLC were randomized to three arms: 
carboplatin/paclitaxel alone, ipilimumab administered 
concurrently with carboplatin/paclitaxel for 2 cycles 
followed by chemotherapy, and phased combination of 
ipilimumab starting with cycle 3 of chemotherapy (9). 
The immune related progression-free survival (irPFS) was 
significantly prolonged for the phased ipilimumab arm  
(5.7 vs. 6.4 vs. 5.3 months; HR 0.75, P=0.11 for concurrent 
and HR 0.64, P=0.03 for phased compared to control). This 
signal of efficacy was accompanied by higher rates of grade 
3/4 toxicities in the ipilimumab arms (30% control vs. 43% 
concurrent vs. 50% phased). The subsequent phase III study 
assigned 1,132 patients with untreated ES-SCLC to receive 
platinum (cisplatin or carboplatin) and etoposide plus 
ipilimumab 10 mg/kg or placebo every 3 weeks for a total of 
four doses, followed by ipilimumab or placebo maintenance 
every 12 weeks. This study did not meet its primary 
endpoint with median OS of 11.0 months for chemotherapy 
plus ipilimumab vs. 10.9 months for chemotherapy plus 
placebo [hazard ratio (HR), 0.94; 95% CI: 0.81 to 1.09; 
P=0.3775]. However, it did demonstrate the feasibility of 
combining chemotherapy and ICI in SCLC and led the way 
to development of strategies investigating anti–programmed 
death-1 (PD-1) or anti-programmed death ligand 1 (PD-L1) 
antibodies in this disease (10). 

In CheckMate 032, a large phase I/II study, patients 
with pre-treated SCLC were enrolled to either a non-
randomized cohort or a randomized cohort and were 
treated with nivolumab (anti-PD1 antibody) alone 3 mg/kg  
Q2 weeks or nivolumab 1 mg/kg + ipilimumab 3 mg/kg  
Q3 weeks for four cycles,  followed by nivolumab 
monotherapy 3 mg/kg Q2 weeks, until progression of 
unacceptable toxicity (11,12). The overall response rate 
(ORR) was 11% and 22%, for nivolumab monotherapy and 
nivolumab + ipilimumab, respectively. The rate of grade 
3/4 toxicities was 12% and 37%. This led to the inclusion 
of nivolumab ± ipilimumab in the NCCN guidelines for 
relapsed SCLC (13). Among responders, responses were 
durable in the nivolumab monotherapy arm (≥6 months 
in 77%, ≥12 months in 62%, and ≥18 months in 39%). 
The durability of response was considered promising 
with resultant accelerated approval by the Food and Drug 
Administration (FDA) of nivolumab for patients with  
ES-SCLC with progression after plat inum-based 

chemotherapy and at least one other line of therapy (14). 
Pembrolizumab has also been included in the NCCN 
guidelines for relapsed SCLC (13) based on the pooled 
analysis of the phase Ib study KEYNOTE-028 and phase II 
study KEYNOTE-158, which reported ORR of 33% and 
19% in patients with ES-SCLC, respectively (15,16).

In the second-line sett ing,  the phase III  study 
(CheckMate 331) investigating nivolumab vs. topotecan or 
amrubicin did not meet the primary endpoint of OS (17). 
Similarly, the phase II randomized study of atezolizumab 
vs. chemotherapy (topotecan or re-challenge platinum/
etoposide) in the second-line setting also did not meet its 
primary endpoint of ORR at 6 weeks (18). The OS likewise 
did not differ between the two arms: median OS was 9.5 vs. 
8.7 months in the atezolizumab and chemotherapy arms, 
respectively (adjusted HR of atezolizumab 0.84, 95% CI: 
0.45–1.58, P=0.60). Only 2% of the evaluable specimens 
had positive PD-L1 staining (SP142 clone). Of note, the 
1-year survival rate was 42.5%, suggesting that there is a 
subset of patients that seem to derive benefit; however, no 
predictive clinical factors or biomarkers have been yet been 
identified. 

Disappointingly, ICIs have not shown a significant 
advantage in the maintenance setting. In a phase II 
study, pembrolizumab 200 mg IV every 3 weeks was 
given as maintenance therapy after first-line platinum 
doublet chemotherapy in 45 patients (19). Median PFS 
was 1.4 months and therefore did not improve median 
PFS compared with the historical data. Most recently, 
CheckMate 451, a phase III study in the maintenance 
setting, also failed to show OS benefit of ICIs vs. placebo 
(NCT02538666) (20). 

The strategy of combining platinum/doublet and the 
PD-L1 inhibitor atezolizumab has demonstrated improved 
outcomes in the front-line setting. IMpower 133 was a 
phase 1/3 double-blind placebo-controlled trial evaluating 
safety and efficacy of carboplatin and etoposide in 
combination with atezolizumab vs. placebo in patients with 
untreated ES-SCLC (1). This trial enrolled 403 patients 
with ECOG PS of 0 or 1 and no symptomatic CNS 
disease. Co-primary endpoints were OS and investigator 
assessed PFS in the intention to treat population. At the 
primary analysis, with a median follow up of 13.9 months, 
median OS was 12.3 months in the atezolizumab arm vs. 
10.3 (HR 0.70, P=0.0069). The 1-year OS was 51.7% 
vs. 38.2%, respectively. There was also a statistically 
significant 1-month increase in median PFS from 4.3 to 
5.2 months, and more than doubling of the 12-month 
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PFS rate from 5.4 to 12.6%. The combination was 
well tolerated with no unexpected safety signals, and 
no reduction in chemotherapy intensity or cumulative 
dose in the combination therapy arm. In a subgroup 
analysis, blood TMB was evaluated and did not correlate 
with outcomes. The patient-reported outcomes showed 
that the addition of atezolizumab to chemotherapy was 
associated with health-related quality of life improvements 
and did not contribute to worsening toxicity or symptom 
burden (21). This regimen is now included in the NCCN 
guidelines (category 1, preferred) (13) and has received 
FDA approval (22).

It is clear based on the results of the IMpower 133 
that immunotherapy in combination with chemotherapy 
has a role in the treatment of patients with untreated ES-
SCLC. However, many questions remain. Importantly, 
in this study, consolidative thoracic RT was not allowed. 
The number of patients who received palliative thoracic 
RT was very low and no unexpected adverse events were 
observed. PCI was permitted, however only 22 patients in 
each group received PCI. In the patients who received PCI, 
CNS-related events appeared to be more common in the 
atezolizumab arm. However, number of events were low 
and causal relationship at this time is unclear (23).

We will further examine the evidence for consolidative 
thoracic RT and PCI and discuss the promising strategies 
incorporating RT in the setting of ICI and challenges 
ahead. 

Thoracic RT in ES-SCLC

The evidence supporting the use of consolidative thoracic 
RT for patients with ES-SCLC came primarily from two 
randomized trials (Table 1). A Yugoslavian trial enrolled 
210 patients with ES-SCLC with three cycles of cisplatin/
etoposide chemotherapy (2). Patients who had a complete 
response at distant sites and at least a partial response at the 
primary site (n=109) were randomized to either accelerated 
hyperfractionated thoracic RT (54 Gy in 36 twice-daily 
fractions) in combination with chemotherapy followed 
by 2 additional cycles of chemotherapy vs. 4 additional 
cycles of chemotherapy alone. Patients in both groups 
also received PCI, 25 Gy in 10 fractions. The thoracic RT 
arm appeared to offer improved local control, as well as 
improved survival compared to the chemotherapy alone 
group, with a median survival of 17 vs. 11 months (P=0.041). 
However, thoracic RT was also associated with higher rates 
grade ≥3 esophageal toxicity, seen in 27% of the patients T
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receiving accelerated hyperfractionated RT. Although some 
pulmonary toxicity was seen in the RT arm (5% with grade 
3 toxicity), it was not statistically significantly higher than 
the systemic therapy alone arm.

Despite these data indicating a survival benefit, thoracic 
RT for ES-SCLC was not routinely incorporated into 
practice due to concerns that this was a small, single 
institution study that utilized a non-standard chemoradiation 
regimen (24). Thereafter, additional data including 
retrospective studies (25,26) and a non-randomized trial (27)  
lent further support for the benefit of thoracic RT in  
ES-SCLC. The CREST trial, a Dutch phase III study, was 
therefore designed to more definitively answer this question, 
treating 495 patients with ES-SCLC with any response 
following standard platinum/etoposide chemotherapy to 
PCI and thoracic RT to 30 Gy in 10 fractions, vs. PCI  
alone (4). The pre-specified primary outcome of 1-year 
OS was not significantly different between the two arms 
(33% for the thoracic RT arm, 28% for the control group; 
P=0.066). However, the analysis of 2-year OS found 
improved survival in the thoracic RT group, 13% vs. 
3% (P=0.004), and no severe toxicity was seen with the 
addition of thoracic RT. The negative pre-specified primary 
outcome in this trial has led to hesitancy to make thoracic 
RT in ES-SCLC a level 1 recommendation in National 
Comprehensive Cancer Network (NCCN) guidelines, 
where it remains only a consideration in patients with 
ES-SCLC who have a response to systemic therapy (13). 
Indeed, great variability remains in the usage of thoracic RT 
in ES-SCLC (28).

Taken in meta-analysis, the 2 randomized studies 
examining thoracic RT suggest that thoracic RT is 
associated with improved overall survival (HR 08.1, 95% 
CI: 0.69–0.96, P=0.014) at the cost of a small increased risk 
of grade 3 esophageal toxicity (29). A secondary analysis of 
the CREST trial showed that the subgroup of patients with 
2 or fewer metastases had significantly improved survival 
compared to patients with 3 or more sites of disease, in both 
the thoracic RT and the systemic therapy alone arms (30).  
Additionally, those patients with 2 or fewer sites of 
metastases had a significant benefit from thoracic RT, while 
thoracic RT for patients with 3 or more sites of metastasis 
did not impact survival. This indicates that volume of 
metastatic disease in ES-SCLC is an important prognostic 
factor, and may also predict which patients are most likely 
benefit from thoracic RT.

The RTOG 0937 trial hypothesized that treating 
patients with ES-SCLC with 4 or fewer sites of metastatic 

disease with consolidative RT to the thoracic disease and 
active sites of metastatic disease and PCI would delay 
progression and improve survival compared to a control 
arm which received PCI alone (31). In contrast to other 
studies which treated the thoracic disease with 30 Gy 
in 10 fractions, this trial recommended an aggressive 
consolidative RT dose of 45 Gy in 15 fractions to all active 
extracranial sites of disease. If normal tissue dose constraints 
were unable to be met with this dose, dose reduction to  
30–40 Gy was allowed. This trial enrolled 97 patients 
between 2010 and 2015. The addition of consolidative 
RT delayed time to progression—at 3 months, 53.3% 
progressed in the PCI arm vs. 14.5% in the consolidative 
RT arm; however, at 12 months the rates of progression 
were 79.6% and 75% respectively. Unfortunately, 1-year 
OS showed no statistically significant difference at 60.1% 
for the PCI alone arm, and 50.8% for the PCI with 
consolidative RT arm (HR 1.44, P=0.21). Toxicity was 
high with the addition of aggressive consolidative RT in 
this study, with rates of any grade 3 toxicity of 25% in the 
consolidative RT arm and 9.8% in the PCI alone arm. 
Additionally, the consolidative RT arm had 2 patients 
(4.5%) with grade 4 toxicity and one patient (2.3%) with 
grade 5 pneumonitis. Escalated thoracic doses contributing 
to cardiopulmonary toxicity may help to explain the lack 
of a survival benefit in the thoracic RT arm, negating any 
potential increase in tumor control. Furthermore, these data 
would suggest that radiation to extrathoracic metastases 
may not hold the same promise as it appears to in NSCLC 
(32,33), and that thoracic radiation dose intensification 
beyond 30 Gy should be examined with caution in  
ES-SCLC.

Immunotherapy and thoracic RT in ES-SCLC

The use of immunotherapy may enhance efficacy of 
thoracic RT in ES-SCLC. Although the IMpower 133 trial 
did not allow thoracic RT, approximately 85% of patients 
had lung involvement, and 80% of patients had thoracic 
lymph node involvement. As only 2.5% of patients on 
the atezolizumab arm experienced a complete response, 
locoregional treatment could further improve outcomes 
in this population. While there are no randomized data 
evaluating the combination of immunotherapy and thoracic 
radiotherapy in ES-SCLC, the safety data and efficacy of 
the combination in the locally advanced non-small cell lung 
cancer (NSCLC) setting provides a foundation to build on. 
The PACIFIC trial evaluated patients with unresectable, 
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locally advanced NSCLC who completed definitive 
concurrent chemoradiotherapy and were then randomized 
to the PD-L1 inhibitor durvalumab vs. placebo (34).  
The immunotherapy arm had significantly prolonged 
progression-free survival (PFS) (median 17.2 vs. 5.6 months) 
and improved 2-year OS (66.3% vs. 55.6%). Additionally, 
immunotherapy following definitive radiotherapy doses was 
well-tolerated, with only a modest increase in any grade 
pneumonitis (34% for durvalumab vs. 25% for placebo), 
and a similar rate of grade 3–4 pneumonitis (3.4% vs. 2.6%, 
respectively) (35). Other data indicate that the combination 
of thoracic radiotherapy and immunotherapy is safe and 
well-tolerated, in both patients with NSCLC (36-38) as 
well as SCLC (39). An analysis of 3 prospective studies 
combining immunotherapy and thoracic RT for patients 
with NSCLC or SCLC included 26 patients with ES-SCLC 
who received 45 Gy in 15 daily fractions to thoracic disease 
with concurrent chemotherapy and pembrolizumab, and 
25 patients with limited stage SCLC (LS-SCLC) who 
received 45 Gy in 30 twice-daily fractions with concurrent 
chemotherapy and pembrolizumab (39). With an additional 
27 patients with NSCLC treated with thoracic RT and 
concurrent pembrolizumab added to the analysis (78 total 
patients), there were seven total grade 4 events in four patients, 
only three of which were pulmonary-specific. The safety and 
efficacy of thoracic chemoradiation with immunotherapy will 
be formally tested in the upcoming NRG Oncology phase 
III study (LU005) of chemoradiation +/- atezolizumab in the  
LS-SCLC setting (NCT03811002) (40).

Additionally, the use of thoracic RT may enhance the 
effect of immunotherapy. Radiotherapy itself influences 
the immune system and its interactions with cancer cells 
and tumors, producing cytokines that recruit anti-tumor 
immune cells, increasing the exposure of tumor antigens, 
and improving cross-presentation of these antigens to the 
adaptive immune system (41-43). Preclinical data show 
evidence of a synergistic effect between radiotherapy 
and immunotherapy, leading to improved tumor control 
with a combination of RT and immunotherapy than 
with either therapy alone (44,45). Additionally, cases of 
tumor regression outside of the radiation treatment field 
after radiotherapy is added to immunotherapy have been 
reported, termed the abscopal effect (42,45). Although rare, 
the concurrent use of immunotherapy appears to improve 
the chances of an abscopal response (46).

This has led to enthusiastic investigation of the 
combination of radiotherapy and immunotherapy. One 
study of 39 patients with chemotherapy-refractory, 

metastatic NSCLC received palliative radiotherapy to one 
metastatic lesion (either 30 Gy in 5 fractions or 9 Gy in 3 
fractions) with concurrent ipilimumab (41). There was an 
18% overall radiographic response in the enrolled patients, 
with 31% of patients achieving disease control. Additionally, 
early immunologic changes following RT (increased 
interferon-β and early changes in T-cells) were predictors of 
response, supporting the mechanistic role of radiotherapy 
in the improved immunotherapeutic response. Another 
study randomized 74 advanced NSCLC patients (>2nd line) 
to pembrolizumab ± preceding SBRT to a single metastasis  
(3 fractions of 8 Gy). The PFS of the experimental arm was 
6.4 vs. 1.8 months for the pembrolizumab monotherapy 
arm (HR 0.55, P=0.04) (47). 

The available pre-clinical and clinical data suggest that 
a combination of immunotherapy with thoracic RT in 
the ES-SCLC population is likely to be safe, and could 
improve disease control, but these suggestions require 
further investigation. Many other prospective studies of the 
combination of immunotherapy and radiotherapy in SCLC 
are enrolling and under design.

Prophylactic cranial RT in ES-SCLC

Patients treated for SCLC have a high rate of developing 
brain metastases in the course of their disease, with 
approximately two-thirds of patients developing brain 
metastases by 2 years (48,49). This led to the examination 
of PCI in patients with SCLC in effort to reduce the impact 
of brain metastases and improve survival. A meta-analysis 
of seven trials performed by Aupérin evaluated 987 patients 
with any stage of SCLC who had a complete response to 
chemotherapy reported that PCI significantly improved 
survival with an absolute survival benefit of 5.4% at  
3 years (50). However, given the rarity of complete 
response in ES-SCLC to chemotherapy, the value of PCI 
in this setting remained unclear. Therefore the EORTC 
conducted a trial which randomized 286 patients with  
ES-SCLC who had any response to chemotherapy to PCI 
vs. observation (3). The PCI arm in this trial had a reduced 
incidence of symptomatic brain metastases by 1 year [14.6% 
vs. 40.4%; HR 0.27 (95% CI: 0.16–0.44, P<0.001)] and 
improved 1-year OS [27.1% vs. 13.3%; HR 0.68 (95% CI: 
0.52–0.88), P=0.003]. Of note, routine brain MRI was not 
utilized for staging or follow-up in this trial, and cranial 
imaging was performed only if symptoms were suggestive 
of intracranial disease. As a result, there may have been 
patients with occult brain metastases at time of enrollment, 
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which could have potentially skewed the results in favor of 
the PCI arm. This is an important limitation of this study. If 
mandatory screening MRI had been performed, the benefit 
of PCI may have been less than what was reported. If more 
frequent surveillance MRI of the brain had been performed, 
one could postulate that intracranial progression could have 
been detected earlier, potentially leading to higher rates (and 
efficacy) of salvage brain-directed RT.

Now in the era of routine MRI utilization, more recent data 
have called the efficacy of PCI in ES-SCLC into question. 
A multi-institutional Japanese study evaluated 224 patients 
with ES-SCLC who had any response to chemotherapy and a 
negative brain MRI prior to enrollment (51). These patients 
were randomized to PCI vs. routine MRI surveillance every 
3 months for the first year, and 18 and 24 months after 
enrollment. 

The study was terminated early due to futility on 
interim analysis. The PCI arm experienced a lower rate of 
brain metastases (40.1% at 18 months) compared to the 
surveillance arm (63.8% at 18 months). Of the 77 patients 
in the surveillance arm who developed brain metastases, 
83% received brain-directed salvage RT. In contrast to 
earlier studies, there was no significant difference in OS 
(median 11.6 months in the PCI arm vs. 13.7 months with 
observation; HR 1.27, 95% CI: 0.96–1.68, P=0.094). Given 
these discordant data, additional data in a randomized trial 
to evaluate the value of PCI in SCLC (both ES-SCLC and 
LS-SCLC) vs. MRI surveillance is warranted.

To date, these data suggest that with routine MRI 
surveillance, patients with ES-SCLC may avoid PCI. 
This is an important consideration, as even the modest 
doses used with PCI (standardly 25 Gy in 10 fractions) 
still contribute to worsened neurocognitive outcomes 
and quality of life (52,53). However, the impact of PCI 
on neurocognitive function may be ameliorated by use 
of memantine [N-methyl-D-aspartate (NMDA) receptor 
antagonist] in combination with hippocampal-avoiding 
whole brain RT (HA-WBRT) techniques. This was 
recently demonstrated in a large randomized trial (NRG 
Oncology CC001), showing an 11% absolute reduction in 
neurocognitive dysfunction via incorporation of HA-WBRT  
with memantine in patients with brain metastases (SCLC 
patients were excluded) (54). Furthermore, specific to 
PCI in SCLC, a small Spanish randomized phase III trial 
(n=60) showed marked reduction in the detriment to 
neurocognitive function as measured by delayed free recall 
and total free recall with incorporation of HA-WBRT 
techniques in PCI as compared to standard PCI (55). 

NRG CC003 is currently enrolling, seeking to confirm 
these intriguing early results (in a randomized fashion) that 
suggest that HA-WBRT will reduce the neurocognitive and 
quality of life detriments associated with standard WBRT 
techniques in PCI (NCT02635009) (56).

Immunotherapy and PCI

Increased utilization of immunotherapy for ES-SCLC may 
further erode the potential use of PCI in this population. 
The available data from the IMpower-133 study did 
not include incidence of new brain metastasis, so it is 
unknown if atezolizumab impacted the rate of intracranial 
progression in this population. However, extrapolating 
the evidence from the PACIFIC trial in NSCLC, the 
addition of immunotherapy reduced the incidence of brain 
metastases in NSCLC (6.3% vs. 11.8%) (34). There is also 
evidence of CNS activity with immunotherapy in a study 
of ipilimumab/nivolumab in melanoma metastatic to the 
brain (57). If the inclusion of immunotherapy does reduce 
the incidence (or pace) of brain metastases presentation 
in ES-SCLC, then the rationale for upfront, routine PCI 
usage would be further decreased. While HA-WBRT 
reductions in neurotoxicity (if confirmed in PCI setting 
per NRG CC003) may favorably change the therapeutic 
ratio of PCI, the potential alteration in the natural history 
of ES-SCLC with immunotherapy, in combination 
with the availability for surveillance MRI, may result in 
decreasing enthusiasm for PCI in ES-SCLC. Whether 
radiographically apparent brain metastases (at diagnosis 
or during active MRI surveillance) can be appropriately 
treated with stereotactic radiosurgery also remains an 
open question [as under examination in the ongoing 
ENCEPHALON trial (NCT03297788)] (58).

Future directions

The incorporation of ICI into the upfront treatment of 
ES-SCLC presents opportunities to further leverage 
radiotherapy to improve outcomes for these patients. 
Unanswered questions include:

(I) Can ICI utilization render extrathoracic RT 
consolidation valuable [i.e., the previously negative 
RTOG 0937 (31) approach]?

(II) Could more routine utilization of consolidative 
chest RT further augment the systemic activity (and 
overall survival impact) of ICI?

(III) Does ICI further tip the scales away from routine 
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PCI in ES-SCLC, towards a strategy of active MRI 
surveillance (59)?

(IV) For patients who develop brain metastases does ICI 
availability lend further rationale to the interest in 
stereotactic radiosurgery as opposed to standard 
WBRT (60)?

Conclusions

Immunotherapy has become a component of standard 
therapy in the front-line setting for ES-SCLC, and this 
will result in changing patterns of RT utilization. The 
addition of immunotherapy may increase enthusiasm 
for thoracic RT in patients who respond to systemic 
therapy. The combination of immunotherapy and thoracic 
radiotherapy is safe and well-tolerated to date in NSCLC, 
and may help to further consolidate locoregional disease 
as well as potentiate the immunotherapy effect at sites of 
extrathoracic metastases. Further studies are warranted to 
further investigate this strategy in ES-SCLC. 

Additionally, immunotherapy may further decrease the 
use of PCI in ES-SCLC. Routine MRI surveillance has 
already supplanted the use of PCI for many practitioners, 
and the risk of neurocognitive toxicity may outweigh 
the benefit in this population despite the potential of 
hippocampal-avoiding WBRT. If immunotherapy further 
decreases the pace of brain metastases development in 
ES-SCLC, stereotactic radiosurgery may become a more 
readily-utilized alternative. 
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