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Abstract Background: To evaluate the impact of a microscopically positive resection margin

(microPRM) on the outcome of hepatoblastoma patients pretreated with chemotherapy.

Methods: Local recurrence and survival rates of 431 children treated in the SIOPEL 2 and 3

trials were analysed comparing 58 patients with microPRM with 371 who had a complete

resection (CR) and who were then stratified by risk category. The tumour was standard-risk

in 312 patients and high-risk (PRETEXT IV and/or extrahepatic disease and/or a-fetoprotein
[AFP]<100 ng/ml) in 117 patients. All received cisplatinum-based neoadjuvant and postoper-

ative chemotherapy as per protocol. Apart from one microPRM patient who went on to trans-

plant, none received any additional local treatment.

Results: With a median follow-up of 67 months, local relapse occurred in 3/58 patients with

microPRM (5%) and in 23/371 (6%) patients with CR. The 5-year overall survival (OS) was

91% (95% confidence interval [CI] 80%e96%) for the microPRM and 92% (95% CI 89%

e95%) for the CR group. The 5-year event-free survival (EFS) was 86% (95% CI 74%

e93%) for the microPRM and 86% (95% CI 82%e89%) for the CR group. Neither OS nor

EFS was statistically significantly different between the two groups, neither overall nor when

risk group stratified.

Conclusions: In the context of cisplatin-based chemotherapy, the presence of microPRM did

not influence the outcome even without additional local treatment. Although CR remains

the aim, microPRM does not necessitate mandatory second look surgery. A ‘wait and see pol-

icy’ is warranted if postoperative chemotherapy is administered and AFP levels and imaging

become normal.

ª 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Complete resection (CR) is crucial for cure in the

treatment of hepatoblastoma [1e3]. Since the estab-

lishment of platinum derivatives and doxorubicin as

effective chemotherapy for this primary paediatric liver

tumour in the 1980s [4], neoadjuvant chemotherapy,
complete delayed resection, and adjuvant chemotherapy

became the treatment paradigm for all hepatoblastomas

for the Childhood Liver Tumours Strategy Group

(SIOPEL) [3,5]. With this strategy, the overall survival

(OS) rates have now reached over 90% for patients with

standard risk tumours and 80% for patients with met-

astatic disease [6e8].

Despite the intent of CR with a margin of at least
1 cm of normal liver parenchyma, surgical margins may

sometimes be judged as tumour positive by the evalu-

ating pathologist [9]. The prognostic impact of this

microscopically positive resection margin (microPRM)

is an issue that has been based on observations, but so

far it has never been formally studied and fully clari-

fied. The report of the analysis of surgical aspects of the

SIOPEL-1 trial described the first observation within
the SIOPEL trials that all of 11 patients with

microPRM within that trial survived without devel-

oping a local recurrence [10]. Since then, repeated

incidental observations echoed this finding and seemed

to acknowledge that microPRM did not appear to

impact prognosis negatively and did not lead to an

increased risk of local recurrence in the majority of
cases [9,11,12]. To date, none of the four international
paediatric liver tumour study groups has formally

analysed this issue.

We therefore aimed to analyse the effect of micro-

scopically incomplete delayed tumour resection on long-

term outcome, defined as survival and/or local recur-

rence, in the cohort of children enrolled into the pro-

spective SIOPEL-2 and -3 studies.

2. Material and methods

SIOPEL-2 enrolled patients from October 1995

through May 1998, and SIOPEL-3 ran from June 1998

through December 2004. Protocols were described in

detail in previous publications [6,13,14] and are briefly

summarised below. The patient accrual of both studies

and the exclusion criteria for this analysis are outlined

in Fig. 1. The study population is represented by those
children who followed the treatment protocol, had

either a CR or a resection with a microscopically pos-

itive surgical margin as stated by the local pathology

report and had a complete follow-up. Patients with a

liver transplant were excluded from this analysis. The

end-points of analysis were OS, event-free survival

(EFS) and local recurrence.

Children aged below 16 years with untreated hep-
atoblastoma had been eligible for the studies. Mea-

surement of a-fetoprotein (AFP) at diagnosis was

obligatory, while surgical biopsy (closed or open) was

only mandatory in patients younger than 6 months,



tumour,

Fig. 1. Overview of the patient selection analysed. The two sub-

groups in light blue boxes were compared. Note that the lowest

box in the first row shows the selection of patients depicted in the

second row. Preoperative (preop) deaths were due to early disease

progression, postoperative (postop) deaths were due to surgical

complications. SIOPEL Z Childhood Liver Tumour Study

Group; microPRM Z microscopically positive resection margins.

(For interpretation of the references to colour in this figure legend,

the reader is referred to the Web version of this article.)
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older than 3 years or with AFP less than 100 ng/ml. The

PRETEXT (PRETreatment EXTent of disease) staging
system was used to evaluate the extent of disease at

diagnosis assessed by abdominal ultrasound, computed

tomography and/or magnetic resonance imaging for the

abdomen and X-ray or computed tomography of the

chest for potential lung involvement [15,16].

SIOPEL-2 (pilot) and SIOPEL-3 encompassed two

risk groups of hepatoblastoma, standard-risk (SR) and

high-risk (HR) groups. SR was defined as hepato-
blastoma entirely confined to the liver and involving no

more than three hepatic sectors (PRETEXT I-III), HR

hepatoblastoma were those tumours involving all four

sectors (PRETEXT IV) and/or with vascular invasion

(PRETEXT Pþ or Vþ), lung metastases (Mþ),
intraabdominal extra hepatic spread (Eþ) or AFP levels

less than 100 ng/mL at diagnosis.

In SIOPEL-2 and -3, both SR and HR patients were

treated with platinum-based chemotherapy. Regimens

were similar in the two trials. SR patients received neo-

adjuvant cisplatin alone, in four courses of 80 mg/m2

every 14 days and two more courses postoperatively. HR

patients were treated with seven courses of neoadjuvant
cisplatin alternating every 14 days with carboplatin at a

dose of 500 mg/m2 and doxorubicin at a dose of 60 mg/

m2. Two courses of carboplatin/doxorubicin and one of

cisplatin were given after surgery. After the first seven

cycles, feasibility of surgical resection was evaluated, and

if deemed impossible, three additional courses were then

administered, after which feasibility of resection was re-

evaluated. If resection remained impossible, orthotopic
liver transplantation was considered. HR patients were

treated with a maximum of 10 courses of chemotherapy

in total. No further surgery nor additional courses of

chemotherapy was advised, even in case of microPRM.

Therefore, all patients with microPRM were treated the

same way as patients with CR, and therefore their actual

therapy was equal to the intended therapy.

Central radiologic review was not performed routinely,
but a rapid review at diagnosis was available and was

recommended in difficult cases. Central review of the

histopathology slides derived from tumour biopsy and

from a resection specimen was required. The diagnosis of

a microPRM was based on local pathology reports as it

was not expected to be influenced by central review.

2.1. Statistical analysis

The KaplaneMeier method was used to analyse the
survival curves. OS was the interval between time of

diagnosis and time of death, and EFS was the interval

between time of diagnosis and time of the first occur-

rence of progression, relapse or death. The 95% confi-

dence intervals (CIs) were calculated by using the

Greenwood formula for survival estimates and by using

the exact binomial distribution for rates. All statistical

evaluations were done with SAS, version 9.4 (SAS
Institute, Cary, NC). The log-rank test was used to

compare time-to-event curves, and statistical signifi-

cance was set at p < 0.05. Since this is an unplanned

retrospective evaluation, p values should be interpreted

as descriptive rather than confirmative.

2.2. Outcome definitions

Complete remission was defined as no evidence of dis-

ease on imaging and normal AFP. OS was defined as
the time interval between the date of diagnosis and the

date of death (from any cause) or the date of the last

follow-up. EFS was defined as the time interval from

the date of diagnosis to the date of progression, relapse,

death or last follow-up, which ever occurred first.



Table 2
Type of surgery.

Type of resection microPRM CR

Right hemihepatectomy 15 (26%) 119 (32%)

Extended right hepatectomy 18 (31%) 80 (22%)

Left hemihepatectomy 5 (9%) 62 (17%)

Extended left hepatectomy 5 (9%) 23 (6%)

Non-anatomic resection 11 (19%) 76 (20%)

Type of resection not mentioned 4 (7%) 11 (3%)

Total 58 371

CR Z completely resected; microPRM Z microscopically positive

resection margins.
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3. Results

3.1. Study population and baseline patient characteristics

Of a total of 541 patients entered into the SIOPEL 2 and 3

studies, 58 patients had a resection with microPRM and

were compared to a group of 371 patients with a

CR (Fig. 1). Baseline patient characteristics are sum-

marised in Table 1. Both groups were well comparable as
there were no significant differences with regards to age,

AFP, tumour size, risk assessment and stage.

3.2. Surgery

The type of surgical resections performed in both pa-

tient groups are shown in Table 2. In both groups, right

hemihepatectomy and right extended hepatectomy were

the most frequently performed types of resection. In
approximately 20% of cases, a non-anatomic resection

was performed, although this kind of resection is not

recommended by the surgical guidelines of both studies.

The proportion of microPRM per type of resection was

not significantly different according to the type of sur-

gical procedure: for right hemihepatectomy 15/134

(11.2%); for right extended hepatectomy 18/98 (18.3%);

for left hemihepatectomy 5/67 (7.5%); for left extended
Table 1
Baseline patient characteristics of the patient group with microscopi-

cally positive resection margins (microPRMs) and those with

completely resected (CR) tumours.

Trial, patient and

tumour characteristics

microPRM (n Z 58) CR (n Z 371)

SIOPEL-2 (n; %) 19 (33%) 85 (23%)

SIOPEL-3 (n; %) 39 (67%) 286 (77%)

Male 32 (55%) 219 (59%)

Female 26 (45%) 152 (41%)

Age in months;

median (range)

12 (.4e159) 17 (.2e183)

Ex-premature 6 (10%) 23 (6%)

AFP at diagnosis;

median (range)

177980

(24e4700000)

72600

(3.5e8425300)

SR (n; %) 41 (71%) 271 (73%)

HR (n; %) 17 (29%) 100 (27%)

PRETEXT

I (n; %) 4 (7%) 22 (6%)

II (n; %) 21 (36%) 169 (46%)

III (n; %) 23 (40%) 142 (38%)

IV (n; %) 10 (17%) 38 (10%)

Vþ 1 18

Pþ 3 26

Eþ 4 11

Mþ 6 48

Fþ 7 37

Rþ 5 2

SIOPEL Z Childhood Liver Tumour Study Group; AFP Z a-feto-

protein; HR Z high-risk; SR Z standard-risk;

PRETEXT Z pretreatment extent of disease system; Vþ Z venous

involvement (inferior vena cava and/or hepatic veins); Pþ Z portal

vein involvement; Eþ Z extrahepatic abdominal disease;

Mþ Z extra-abdominal metastasis; Fþ Z multifocal disease;

Rþ Z preoperative or intraoperative tumour rupture.
hepatectomy 5/28 (17.8%) and for non-anatomic resec-

tion 11/87 (12.6%).

3.3. Outcome and local recurrence

At a median follow-up of 67 months, in the microPRM

group, 53 patients (91%) were alive and disease-free, and

in the CR group, 344 patients were alive and disease-free

(92.7%). A local recurrence occurred in 3 (5%) patients

in the microPRM group and in 23 [18 þ 5] (6%) in the

CR group. Four patients in the microPRM group later
developed distant recurrence versus 26 [21 þ 5] in the

CR group (Table 3).

3.4. Survival

The OS at 5 years was 91% (95% CI 80%e96%) for the

microPRM group and 92% (95% CI 89%e95%) for the

CR group, respectively. The EFS at 5 years was 86% (95%

CI 74%e93%) and 86% (95% CI 82%e89%) for the

microPRM group and for the CR group, respectively.

Neither EFS nor OS were statistically significantly

different between the two groups. In a separate analysis in

both risk categoriesdSR and HRdno differences in the
local recurrence rate, in the OS and in the EFS were

observed between the microPRM and the CR group

(Table 4 and Fig. 2).

4. Discussion

The results represent the first in-depth analysis related to

the issue of the prognostic implication of microPRMs in
Table 3
Overview of local and distant recurrences with outcome per patient

group.

Group Recurrence Alive Deceased Total

microPRM (n Z 58) Local 1 2 3 (5%)

Distant 2 2 4 (7%)

CR (n Z 371) Local 10 8 18 (4.9%)

Distant 13 8 21 (5.7%)

Both 0 5 5 (1.4%)

CR Z completely resected; microPRM Z microscopically positive

resection margins.



Table 4
5-year event-free and overall survival rates by risk group (SR versus HR) and by completeness of resection (microPRM versus CR).

Risk strata Group N pts N events 5-year EFS and 95% CI Pp N deaths 5-year OS and 95% CI Pp

Standard-risk microPRM 41 3 93% (79%e98%) .41 1 98% (84%e100%) .46

CR 271 32 88% (83%e91%) 14 94% (90%e97%)

High-risk microPRM 17 5 71% (43%e87%) .27 4 76% (49%e90%) .25

CR 100 18 82% (73%e88%) 13 88% (80%e93%)

HR Z high-risk; SR Z standard-risk; CR Z completely resected; microPRM Z microscopically positive resection margins; EFS Z event-free

survival; OS Z overall survival; CI Z confidence interval.
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hepatoblastoma patients who underwent definitive sur-

gery after neoadjuvant chemotherapy. Outcome results

of patients with microPRMs and long-term follow-up,

as compared with those after CR of the tumour, showed
Fig. 2. Kaplan-Meier estimates. (A) Event-free survival (EFS), whole c

by standard-risk and high-risk patients. (D) OS, stratified by standard-

resection margin; HR Z high-risk; SR Z standard-risk.
no statistically significant differences in the appearance

of local recurrence nor in OS nor in EFS. Owing to the

low number of events in the microPRM group, this

retrospective evaluation is not however powered to
ohort. (B) Overall survival (OS), whole cohort. (C) EFS, stratified

risk and high-risk patients. microPRM Z microscopically positive



D.C. Aronson et al. / European Journal of Cancer 106 (2019) 126e132 131
allow firm conclusions. Yet, the data presented are the

best currently available to address this question.

The results seem to contradict earlier reported ob-

servations of outgrowth of residual disease after

incomplete resection of metastatic tumour deposits, in

view of which a negative impact of microscopic residual

tumour on prognosis would be expected [17,18]. Also,

microscopic spill due to preoperative tumour ruptures
has recently been recognised as a bad prognostic factor

[19]. The first observations within the SIOPEL studies

regarding microPRM were made in the SIOPEL-1 trial,

where 11 of 128 patients (8.5%) undergoing surgery had

a resection with microPRM. None of them had a re-

resection nor suffered from local recurrence [10]. One

patient died of progressive distant disease, and one died

due to a nonetumour-related cause (Budd-Chiari syn-
drome). All others had no evidence of disease at a mean

follow-up of 5.5 years (range 2e8 years) [10]. This

observation was from a too small series to allow a

formal comparison of outcome with the patients who

had a completely resected tumour.

The same conclusion could be drawn from the

observation within the first intergroup hepatoblastoma

trial run in North America [INT-0098 trial]. The trial
comprised seven patients with positive resection margins

(stage II) who showed equally good survival as the 43

patients who had a CR (stage I) without receiving

further surgical exploration or re-resection [20].

Regretfully, the stage III and IV patients cannot be

taken into account as this article does not report R1

versus R2 incomplete resections for stage III and IV and

that therefore cannot be compared to the patients with
CRs in these two staging groups. These small data did

not allow a firm statement regarding the prognostic

value of positive resection margins either. Obviously, the

SIOPEL studies cannot be compared with INT-0098 as

the latter used primary surgery at diagnosis (resections

for smaller tumours and biopsy only for larger tumours)

and different chemotherapeutic regimens [20].

There are few older similar observations in the liter-
ature. King reported 10 (22% of the described series)

patients with microscopic residuals (stage II). The rec-

ommended second-look procedure was only performed

in five, in four of whom no evidence of tumour was

found, while in one microscopic foci of residual hep-

atoblastoma were identified. Seven patients remained in

complete remission [21]. In a personal communication,

Mahour stated in the discussion following King’s paper
that as far as he was aware, based on the experience of

the Children’s Hospital of Los Angeles, a second-look

surgery in all cases of positive margins was not

mandatory but should be based on postoperative AFP

levels and imaging results [21].

How can these unexpectedly good findings be

explained, whereas microscopic residuals after tumour

rupture or after incomplete lung metastasectomies are
usually regarded as prognostic for poor EFS? Several
arguments have already been put forward in our anal-

ysis of the small cohort of patients described in the

SIOPEL-1 analysis [10]. First, a positive margin on the

surgical specimen side does not necessarily mean that

there are remaining viable tumour cells on the resection

plane of the patient’s liver remnant. Specifically with the

use of surgical dissecting instruments like the CUSA

dissector that cuts and aspirates, part of the healthy liver
tissue margin on the resection specimen may have been

aspirated by the instrument. The haemostatic cautery of

the resection surface in the patient that is often applied

may also account for further tumour cell clearance.

Because the liver remnant surface is not routinely bio-

psied, it can therefore not be convincingly stated that we

deal with a microscopic residuum on the patient’s side of

the resection margin. For these reasons, we have used in
our article the safer and more accurate term ‘micro-

scopically positive resection margin’. Second, one must

realise that these findings happened in the context of

very successful platinum-based neoadjuvant chemo-

therapy that makes large tumours shrink and may lead

to disappearance of (micro) metastatic lung disease [14].

It may well be that the postoperative continuation of

chemotherapy took further care of eliminating micro-
residuals. Obviously, the above-mentioned explanations

are hypothetical and cannot be ascertained in this study.

A larger set of trial patients with substantial follow-

up time is needed to theoretically question the long-

proclaimed paradigm that ‘complete tumour resection is

the corner stone of hepatoblastoma treatment’, as is

echoed in almost every hepatoblastoma paper ever

published. Preliminary data regarding this issue have
been discussed in smaller specialist forums and meetings

[22,23]. Based on these shared experiences, gradually,

even non-peer reviewed abstracts have led to references

in the literature despite the inconclusive status of evi-

dence [2,11,12]. Based on our findings, we propose that

microPRMs after partial hepatectomy for hepato-

blastoma do not necessarily call for a mandatory re-

operation to re-resect the margin of the liver remnant.
If the surgeon suspects a positive margin during the

resection, the liver remnant could be carefully biopsied

opposite the site that seems at risk to gain insight in the

true status of the resection. However, based on our

limited findings, a wait and see policy seems to be

warranted if postoperative chemotherapy is adminis-

tered and if subsequent AFP level monitoring and im-

aging studies remain normal.
It must be stressed, especially as a guide to local

physicians who might only see this disease relatively

rarely, that the goal of surgery in hepatoblastoma re-

mains a complete tumour resection with negative mar-

gins. A resection with a microscopically positive margin

should therefore not be regarded as a therapeutic

alternative but would still be the ‘wrong’ surgery. We

continue to encourage a wide spread use of a conser-
vative surgical approach in highly experienced centres
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trained for complicated liver resections, as opposed to

primary liver transplantation [24,25]. Because the

outcome of salvage liver transplantation seems inferior

to primary complete tumour resection, macroscopic re-

sidual disease has to be avoided by all means [26].
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