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Abstract
Standard treatment of early recurrence of colorectal liver metastases (CLM) after liver resection (LR) is chemotherapy fol-
lowed by loco-regional therapy. We reviewed the outcome of a different strategy (“test-of-time” approach): upfront percu-
taneous ablation without chemotherapy. Twenty-six consecutive patients with early solitary liver-only recurrence amenable 
to both resection and ablation (< 30 mm, distant from vessels) undergone “test-of-time” approach were analyzed. Early 
recurrence had a median size of 17 mm and occurred after a median interval from LR of 4 months. Primary efficacy rate of 
ablation was 100%. Five patients are alive and disease-free after a mean follow-up of 46 months. Five patients had local-only 
recurrence; all had repeat treatment (LR = 4; Ablation = 1) without chemotherapy. Local recurrence risk was associated with 
incomplete ablation of 1-cm thick peritumoral margin. The remaining 16 patients had non-local recurrence, 13 early after 
ablation. Overall, six (23%) patients had ablation as unique treatment and 13 (50%) avoided or postponed chemotherapy 
(mean chemotherapy-free interval 33.5 months). Ablation without chemotherapy of early liver-only recurrence is a reliable 
“test-of-time” approach. It minimized the invasiveness of treatment with good effectiveness and high salvageability in case 
of local failure, avoided worthless surgery, and saved chemotherapy for further disease progression.

Keywords  Liver resection for colorectal liver metastases · Radiofrequency ablation · Microwave ablation · Local 
recurrence · Tumor biology · Salvage surgery

Introduction

Liver metastases (CLM) are one of the major causes of death 
in patients affected by colorectal cancer: up to one-fourth of 
patients have CLM at diagnosis and one-fourth will develop 
it during follow-up [1, 2]. Liver resection (LR) in combi-
nation with chemotherapy is their standard treatment, but 
60–70% of patients will have recurrence [3–6]. The man-
agement of the recurrent disease is complex and specific 

guidelines are lacking. Repeat hepatectomy is beneficial but 
burdened by operative risks due to adhesions, altered liver 
anatomy, and reduced liver remnant [7, 8]. Tumor biology 
should drive the choice of the most appropriate treatment. 
Coherently, when recurrence occurs early after LR, the 
standard is chemotherapy followed by loco-regional treat-
ment only if the disease does not progress at restaging [7, 9].

Thermal ablation of CLM has gained consensus, thanks 
to its appealing minimal invasiveness, negligible morbidity, 
low impact on chemotherapy schedule, high repeatability, 
and good effectiveness [10–13]. Radiofrequency and micro-
wave ablations (RFA and MWA) became the standard for 
unresectable patients or patients unfit for surgery [11, 13, 
14] and now are considered as a treatment option for selected 
patients with small resectable CLM or recurrent CLM when 
complex repeat LR would be needed [3, 15–21]. Two ran-
domized trials are even testing ablation as an alternative to 
surgery in resectable patients [22, 23].

In 2003, Livraghi et al. advanced the proposal of a “test-
of-time” approach in synchronous CLM: they scheduled 
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upfront ablation of metastases to elucidate tumor biology 
and to select good candidates for surgery [24]. The present 
analysis explored the adoption of a “test-of-time” approach 
for the early recurrence of CLM after a first LR. Upfront 
ablation without associated chemotherapy could have sev-
eral benefits: (1) to obtain an immediate and effective treat-
ment of recurrence with minimal risks; (2) to avoid the early 
activation of a new chemotherapy line; (3) to assess tumor 
biology in a longer time adapting further treatment strategy 
accordingly.

Methods

All consecutive patients that underwent LR for CLM 
between 2004 and 2017 at the authors’ institution were retro-
spectively reviewed. Among patients with recurrence, those 
having the following characteristics were selected for the 
analysis: early recurrence after LR (≤ 8 months according to 
the Imai et al. definition [25]); single liver-only recurrence; 
disease amenable to both resection and ablation (< 30 mm, 
distant from major vessels and bile duct); adoption of a “test-
of-time” approach, i.e. RFA or MWA of recurrence with-
out peri-procedural chemotherapy. Exclusion criteria were: 
treatment of early recurrence combining chemotherapy with 
RFA/MWA; last pre-ablation imaging performed > 1 month 
before the procedure; and follow-up duration after RFA or 
MWA < 12 months. Data were retrospectively collected from 
a prospectively maintained database.

The “test-of-time” approach was evaluated in terms of 
post-ablation short-term outcome, i.e. mortality, morbidity 
and completeness of ablation, and long-term outcome, i.e. 
recurrence rate, both local and non-local, and survival. Fur-
ther, we analyzed the “test-of-time” approach in comparison 
with the standard approach (chemotherapy followed by loco-
regional treatment) in terms of: (1) modification of treatment 
strategy; (2) effectiveness, i.e. no need for further treatments; 
(3) salvageability, i.e. chance of repeat treatment in case of 
local recurrence; (4) chemotherapy saving, i.e. avoidance or 
postponement of chemotherapy.

Whenever imaging modalities before and after RFA 
or MWA were available, we used Ablation-fit™ software 
(R.A.W. Srl, Milano, Italy) to retrospectively evaluate the 
adequacy of the ablated area. Ablation-fit™ is a software 
that automatically segments liver and intrahepatic blood 
vessels and semi-automatically targets lesions in pre-inter-
ventional CT scans and necroses in post-interventional ones. 
The segmented pre- and post-interventional CT scans were 
automatically co-registered using a non-rigid registration 
tool. The software verified in a 3D model whether the abla-
tion zone included entirely or partially the tumor and a pre-
defined safety margin (10-mm thick). Further, it calculated 

the percentages of volume of both target tumor and safety 
margin that were not included in the ablation area [26].

The Institutional Review Board of our hospital approved 
this retrospective study and the requirement of informed 
consent was waived.

Patients’ management

Management of patients with CLM in the authors’ institution 
has been previously detailed [6, 27–29]. All patients with a 
diagnosis of recurrent disease were discussed at a hepato-
biliary multidisciplinary team meeting attended by surgi-
cal oncologists, medical oncologists, radiation oncologists, 
hepatologists, and interventional radiologists. Since 2004 
thermal ablation was considered as an alternative to resec-
tion in patients with recurrence size up to 20 mm. In selected 
patients undergone multiple chemotherapy lines, having an 
easy-to-ablate recurrence, and, conversely, needing eventu-
ally complex resection, the ablation limit was extended to 
30 mm. A “test-of-time” approach was considered only for 
patients with solitary early recurrence. In presence of two 
or more recurrent metastases, we preferred to schedule a 
new chemotherapy line followed by a loco-regional treat-
ment in case of disease response. All patients scheduled for 
a “test-of-time” approach had restaging before ablation with 
thoracoabdominal computed tomography (CT), hepatic mag-
netic resonance imaging (MRI), positron emission tomog-
raphy-CT, and carcinoembryonic antigen (CEA) value. All 
patients undergoing ablation have the last imaging modality 
performed no longer than 30 days before treatment.

Before 2016, patients were treated by RFA. Later on, 
patients underwent RFA or MWA, at the discretion of 
the interventional radiologist, being MWA preferred in 
CLM > 20 mm. All procedures were performed under CT 
or ultrasound guidance using a percutaneous approach. For 
MWA (AMICA®, HS Hospital Service, Aprilia, Italy), one 
antenna is placed directly into the tumor and an electro-
magnetic microwave is emitted. Each generator is capable 
of producing different powers, for example 45–100 W at a 
frequency of 915 or 2450 MHz, depending on the device 
type. For RFA (Boston Scientific®, Natick, MA, USA), we 
used an impedance-guided ablation system consisting of a 
retractable curved electrode and an isolated 14-gauge outer 
needle that houses 10 solid retractable curved electrodes that 
when deployed assume the configuration of an umbrella. 
The generator connected to the needle is switched on and 
the energy is administered until a rapid rise in impedance 
occurs. The ablation algorithm is based on tissue imped-
ance, rather than tissue temperature. All procedures were 
performed by expert interventional radiologists (DP, VP, 
LS). All patients underwent CT the day after ablation to 
check the primary efficacy rate of ablation and to exclude 
any post-procedure complication. Post-ablation follow-up 
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included abdominal CT 1 month after the procedure, and 
then ultrasound, CT, or MRI every 3 months. In case of fur-
ther recurrence, the multidisciplinary board renegotiated the 
management of every patient according to the disease status.

Definitions and statistical analyses

Minor hepatectomies were classified according to CLISCO 
classification [30, 31]. Major hepatectomy was defined as 
the resection of ≥ 3 contiguous liver segments [32]. Post-
procedural complications were classified according to Cla-
vien-Dindo classification [33]. Any recurrence after abla-
tion was classified as follows: local, hepatic non-local, or 
extra-hepatic. Standard terminology of image-guided tumor 
ablation was used [34].

Summary statistics were constructed with the use of fre-
quencies and proportions for categorical data, and means 
and ranges for continuous variables. The Kaplan–Meier 
method was used to estimate survival probabilities. Overall 
survival (OS) was calculated from the date of ablation to 
the date of death or last follow-up. Recurrence-free survival 
(RFS) was calculated from the date of ablation to the date 
of further recurrence or last follow-up. Follow-up data were 
updated until December 2019. The minimum follow-up was 
12 months and no patient was lost to follow-up. Stata 15 
software was used for all the analyses.

Results

During the study period (2004–2017), 579 patients under-
went LR for CLM. Overall, 415 (72%) patients had a recur-
rence, including 210 (36%) with liver-only recurrence. 
Twenty-seven patients with early (≤ 8 months) solitary liver-
only recurrence amenable to both resection and ablation 
were considered for a “test-of-time” approach. One patient 
received ablation in combination with chemotherapy (sys-
temic therapy administered by the oncologists of another 
hospital) and was excluded. Finally, 26 patients undergoing 
a “test-of-time” approach were analyzed.

Table 1 summarizes patients’ characteristics. Sixteen 
(62%) patients were male; in the whole series mean age was 
61 years (46–78). At first diagnosis, three-fourth of patients 
had CLM synchronous with the primary tumor. Nineteen 
(73%) patients had chemotherapy before LR, 18 with a par-
tial response and one with stable disease. At LR, the mean 
number of CLM was 7 (1–28), and the mean diameter of the 
largest nodule was 30 mm (7–80). All patients but one had 
ultrasound-guided parenchyma-sparing minor hepatectomy, 
including nine (35%) that underwent complex limited resec-
tions. The remaining patient underwent a two-stage hepa-
tectomy. After LR, the overall morbidity rate was 19%; no 
severe complication occurred.

Recurrence data

The mean time interval between LR and recurrence was 
4 months (1–8). Recurrence was a single hepatic nodule in 
all patients with a mean size of 17 mm (8–26). Six patients 
had recurrence size larger than 20 mm. All 26 patients 
underwent a single-session thermal ablation, 18 (69%) 
with RFA and eight (31%) with MWA. None had associ-
ated chemotherapy. No post-procedure complication was 
registered. CT scan performed the day after the procedure 

Table 1   Patients’ characteristics

N (%)–mean (range)

Sex, M:F 16 (61.5%):10 (38.5%)
Age, years 61 (46–78)
Primary tumor site
 Right colon 6 (23%)
 Left colon/sigmoid 13 (50%)
 Rectum 7 (27%)

T3–4 19 (73%)
N + 19 (73%)
CLM at first liver resection
 Synchronous CLM 19 (73%)
 CLM number 7 (1–28)
 CLM size, mm 31 (7–80)
 Preoperative CEA, ng/mL 51.1 (1–357)
 Mutational status (available in 16 patients)
  KRAS mutated 7 (43%)
  NRAS mutated 1 (6%)
  BRAF mutated 1 (6%)

 Chemotherapy before liver resection 19 (73%)
Liver resection
 Limited resection 1 (4%)
 Multiple limited resections 10 (38%)
 Complex limited resection(s) 9 (35%)
 Left lateral sectionectomy + limited res. 2 (8%)
 Antero-lateral segmentectomy + limited res. 1 (4%)
 Right anterior sectionectomy 1 (4%)
 Right posterior sectionectomy 1 (4%)
 Two-stage hepatectomy 1 (4%)
 Overall/severe morbidity 5 (19%) / 0
 Adjuvant chemotherapy 11 (42%)

Early recurrence
 Interval from first LR, months 4 (1–8)
 Recurrent CLM number 1 (1)
 Recurrent CLM size, mm 17 (8–26)
 Contact with major intrahepatic vessels 0
 Treatment
  RFA 18 (69%)
  MWA 8 (31%)
  Associated chemotherapy 0
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demonstrated a primary efficacy rate of ablation of 100% in 
all patients.

Long‑term outcome

After a mean follow-up of 34 months, 1- and 3-year OS rates 
after ablation were 87.3 and 68.9%, respectively (Fig. 1). 
Overall, 21 out of 26 (81%) patients had recurrence after a 
mean interval of 5 months (1–16), leading to RFS rates at 
1 and 3 years after ablation of 25.0 and 15.0%, respectively 
(Fig. 1).

Results of the “test-of-time” approach can be summa-
rized by four groups of patients (Fig. 2). First group: five 
patients (19%) did not develop any recurrence after abla-
tion. All of them are alive and disease-free after a mean 
follow-up of 46 months (12–111). Second group: five 
patients (19%) had isolated local tumor recurrence at the 
ablation site (four after RFA and one after MWA; one out 
of six patients with recurrence size > 20 mm). All of them 
had repeat treatment, four LR and one repeat ablation. 

None had periprocedural chemotherapy. Of those, three 
(two LR and one repeat ablation) are alive and disease-
free (mean follow-up 27 months), while two had non-
local recurrence 18 and 24 months after repeat treatment, 
respectively. Third group: 13 (50%) patients had non-local 
recurrence early after the ablation (≤ 8 months). Recur-
rence was hepatic-only in six patients and hepatic + extra-
hepatic in seven. All patients had chemotherapy and 
four had repeat LR later on. Fourth group: three (12%) 
patients had non-local recurrence late after the ablation 
(> 8 months). Recurrence was hepatic in one patient and 
hepatic + extrahepatic in two. All had upfront chemo-
therapy; one had repeat LR and is alive and disease-free 
12 months after ablation.

The mutational status of CLM was not associated with 
outcome (Supplementary Table 1): early non-local recur-
rence risk was similar in RAS/BRAF mutated and wild-type 
patients (5/9, 56%, and 4/7, 57%, respectively). Of note, the 
patient with BRAF mutation had late non-local recurrence 
16 months after ablation.

Fig. 1   Survival after ablation of 
recurrent liver disease: overall 
survival (blue curve); disease-
free survival (green curve). OS 
overall survival, DFS disease-
free survival, mo months (color 
figure online)
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Impact of “test‑of‑time” approach

Overall, only four (15%) patients had LR of the initial recur-
rence site (patients with local-only recurrence), while six 
(23%) had effective ablation (repeat ablation in one) and did 
not develop further recurrences. The remaining 16 (62%) 
patients had recurrence in additional sites, early after abla-
tion in most cases (n = 13).

Considering the salvageability of our approach, all five 
patients with local-only recurrence underwent repeat treat-
ment without further local recurrence.

Chemotherapy was avoided in eight patients who did not 
have recurrence, either after ablation (n = 5) or after repeat 
treatment of local-only recurrence (n = 3). Further, chemo-
therapy was postponed in five patients with late recurrence, 
either after ablation (n = 3) or after repeat treatment of local-
only recurrence (n = 2). Overall, chemotherapy was avoided 
or postponed in 13 (50%) patients (mean chemotherapy-free 
interval after ablation 33.5 months; mean chemotherapy-free 
interval in the whole population 18.1 months).

Evaluation of the ablation area by Ablation‑fit™ 
software

Overall, in 11 patients pre- and post-ablation CT scans 
were evaluated with the Ablation-fit™ software. The 

co-registration of the two imaging modalities was success-
ful in all patients. The tumor area was entirely included in 
the ablation zone in all patients. On the opposite, the abla-
tion of the pre-defined peritumoral 10-mm safety margin 
was complete only in 3/11 patients (Fig. 3a). None of them 
had local tumor recurrence. In the remaining eight patients, 
residual unablated margin volume was documented, rang-
ing from 17.1 to 65.5% of the complete volume, specifi-
cally below 25.4% in four patients and above 25.4% in the 
remaining four. In the first group no local tumor recurrence 
subsequently developed (Fig. 3b), while in the last four 
patients local tumor recurrences occurred, all located in the 
area where minimal or completely absent ablative margin 
had been documented by Ablation-fit™ software (Fig. 4).

Discussion

In 2015, an international panel of experts recommended 
ablation in patients with limited liver disease that are tech-
nically unresectable or excluded from surgery because of 
comorbidities [11]. To date, thermal ablation is considered 
a suitable option in selected patients with resectable small 
nodules [3, 13, 19–21]. In comparison with open LR, RFA 
has fewer complications, shorter hospital stay, and high 
repeatability [12, 20, 35, 36]. Head-to-head comparisons 

Fig. 2   Outcomes of patients undergoing “test-of-time” approach with percutaneous ablation
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between ablation and surgery are ongoing and will probably 
further expand the role of RFA and MWA in CLM treatment 
[22, 23]. In the setting of recurrent CLM, ablation has a wide 

application yet [15–18]. Even if repeat hepatectomy is the 
standard [7, 9], it is associated with some higher risks than 
the first LR because of adhesions, altered liver anatomy, and 

Fig. 3   Perfectly co-registered (see the red line surrounding the liver) 
pre- and post-ablation CT scans of two patients. a Patient with metas-
tasis at segment 3 (orange line) undergone MWA with a large volume 
of ablation zone (blue line). The 1-cm thick ablative margin (green 
line) is entirely included in the volume of the ablation zone. No local 
recurrence occurred in the follow-up. b Patient with metastasis at 

segment 7 (orange line) undergone RFA. The volume of the abla-
tion zone (blue line) surrounds completely the metastasis and most 
of the 1-cm thick ablative margin (green line). Only a minor portion 
(18.4%) of the ablative margin, posteriorly located (colored in yellow) 
is not included in the volume of the ablation zone. No local recur-
rence occurred in the follow-up (color figure online)

Fig. 4   Two patients with single 
metastases (orange lines) under-
gone RFA, respectively, located 
at segments 2 a and 5 c. In both 
cases, the volume of the abla-
tion zone (blue line) entirely 
includes the metastases, but in a 
the ablative margin (green line) 
is absent along the lateral profile 
of the tumor (42.5% of the pre-
defined margin) (area colored in 
yellow). The local recurrence b 
subsequently occurred exactly 
along the lateral margin of the 
metastasis. In the second patient 
c the ablative margin is widely 
(65.5%) untreated (yellow area). 
The location of the subsequent 
local recurrence corresponded 
with that of the original metas-
tasis d (color figure online)
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limited hepatic functional reserve [8, 37]. On the opposite, 
ablation maintains its benefits in terms of minimally-inva-
siveness, low morbidity, and adequate local disease control 
[15–18]. In the present series, no complications occurred 
after ablation, and all patients were discharged the day after 
the procedure.

When treating CLM, the assessment of tumor biology is 
crucial to define the most appropriate treatment strategy. In 
this sense, ablation could give a major contribution. In 2003, 
Livraghi et al. proposed to adopt RFA as a “test-of-time” 
approach for synchronous resectable CLM [24]. They per-
formed upfront ablation of liver nodules to elucidate tumor 
biology and to select good candidates for surgery. LR was 
avoided in two-third of patients either because of a persis-
tent complete response of CLM to ablation or because of 
the early appearance of additional unresectable CLM. We 
decided to apply the “test-of-time” approach to patients with 
early small solitary CLM recurrence. Their present stand-
ard treatment is the activation of a new chemotherapy line 
scheduling a repeat loco-regional therapy (ablation or LR) 
2–3 months later in case of disease response or stabiliza-
tion [3, 6, 7, 9]. This policy has some major limitations. It 
requires a new chemotherapy line that could be unneces-
sary if the recurrent nodule is just a residual disease and 
that could be saved for further progression. Short chemo-
therapy before loco-regional treatment (2–3 months) does 
not guarantee an adequate assessment of tumor biology, 
while a long one (6 months) may lead to tumor disappear-
ance and chemotoxicity. We tried to overcome those limita-
tions by scheduling upfront ablation without any associated 
chemotherapy: CLM is effectively treated with a minimally-
invasive approach, while tumor biology is better analyzed in 
a longer time span. Our hypotheses were confirmed by the 
present results. First, ten patients (40%) showed favorable 
tumor biology and did not require chemotherapy. In detail, 
five patients did not have a further recurrence after ablation. 
Five additional patients had isolated local recurrence and 
all received a salvage treatment (one repeat ablation and 
four repeat LR) with excellent results and, again, without 
periprocedural chemotherapy. Second, three patients (10%) 
developed late non-local recurrence (> 8 months after abla-
tion), benefitting from a postponement of chemotherapy. 
Finally, as expected, a high proportion of patients (50%) 
had an early non-local recurrence that required a prompt 
reactivation of chemotherapy and was associated with very 
poor outcome. Overall, only four patients had surgery for 
the initial disease (local-only recurrence), six had percutane-
ous effective treatment (repeated in one), and 13 avoided or 
postponed chemotherapy.

Thermal ablation is associated with two main concerns: 
the local disease control and the chance of repeat treatment 
when local recurrence occurs. The local failure rate of 
RFA is still higher than surgery, ranging from 10 to 20% 

[38]. Risk increases together with tumor size and proxim-
ity to intrahepatic vessels [39–42]. Insisted ablation once 
recurrence occurs should be cautiously evaluated because 
it could lead to complex salvage surgery in case of further 
local failure [43, 44]. Based on that background, since 
2004 we considered amenable for ablation patients carrier 
of CLM single, distant from major intrahepatic vessels, 
and ≤ 20 mm in diameter. This peculiar limited size was 
borrowed from the experience with the HCC both with 
ablation [45], in absence of similar evidence for CLM. The 
extension up to 30 mm was reserved in selected patients 
undergoing multiple chemotherapy lines, having an easy-
to-ablate recurrence, and, conversely, needing eventually 
complex resections. Despite this strict selection and the 
fact that every patient had a primary efficacy rate of abla-
tion of 100% verified at CT the day after the procedure, 
we observed local recurrence in 20% of treated cases. That 
further sustains the need for caution in addressing this 
approach extensively. However, just one of the five cases 
with recurrence had a diameter above 20 mm. Ablation 
margins are crucial to obtain a high efficacy rate, even 
if their immediate check is not yet standard in practice 
[42, 46]. Further, some studies reported the need for larger 
margins in KRAS-mutated patients [47–49]. Possibly, as 
herein experienced, software enabling the real-time assess-
ment of completeness of ablation including both tumor 
and peritumoral tissues could further improve the local 
effectiveness of interstitial treatments [26, 46]. It remains 
anyhow largely satisfactory the discussed policy which has 
been further implemented by preferring a prompt rescue 
surgical control in case of local relapse instead of insisted 
ablation. Indeed, four out of five patients with local-only 
recurrence received effective salvage surgery.

The present study is clinically relevant because it pro-
poses a standardized approach to patients with early recur-
rence, for whom guidelines do not provide any recommenda-
tion. Some limitations could be argued. It is a retrospective 
analysis enroling a limited number of patients, but we 
adopted strict and homogeneous inclusion criteria. A large 
cohort of patients from a referral center was needed to col-
lect present data. A prospective intention-to-treat analysis 
would give more conclusive data, but all patients under-
going a first LR for CLM at the authors’ institution were 
considered and all the enroled patients had an expert mul-
tidisciplinary team evaluation both at first diagnosis and at 
recurrence. We scheduled a “test-of-time” approach only for 
patients with solitary early recurrence. The possibility to 
extend the proposed approach to patients with two or three 
small lesions could be explored. Some gene mutations, such 
as RAS and BRAF mutations, have been associated with the 
tumor biology and outcome of thermal ablation [47–49]. 
The present series did not confirm such association, but few 
patients with genetic mutations were analyzed.
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Conclusion

A “test-of-time” approach is recommended for all patients 
with solitary liver-only early recurrence of CLM. Upfront 
thermal ablation without chemotherapy allowed to adapt 
treatment strategy to tumor biology. It minimized the inva-
siveness of the initial treatment with good effectiveness 
and high salvageability in case of local failure, avoided 
worthless surgery, and saved chemotherapy for further 
disease progression.
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