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Abstract

Background and Objectives: Treatment of high‐grade osteosarcoma (OS) relies on a

combination of systemic chemotherapy and radical surgical excision of the tumor.

Little is known on what happens in case of an irrefutably inadequate (intralesional)

margin. We aimed to describe the outcome of patients with high‐grade OSs of the

trunk and the extremities where planned wide resection resulted in an intralesional

margin.

Methods: A retrospective study from the Scandinavian Sarcoma Group registry and

the Royal Orthopaedic Hospital databases including data from 53 patients surgically

treated between the years 1990 and 2017.

Results: Local recurrence was observed in 13/53 patients. All patients with

local recurrence where the neoadjuvant chemotherapy response could be

retrieved (n = 9) were shown to be poor responders. None of the patients with

good response to chemotherapy relapsed. Postoperative radiotherapy was

not associated with improved local control of the disease. Re‐excision

surgery was performed in only seven patients, and two of them had tumor

relapse.

Conclusions: Good response to chemotherapy salvages the outcome of surgical

excision with a poor margin in patients with high‐grade OSs and a watchful waiting

strategy may be justified in these cases. Poor responders have a higher recurrence

risk and their approach should be individualized.
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1 | INTRODUCTION

A wide surgical margin is imperative in the treatment of osteosarcoma

(OS) to reduce the risk of local relapse.1 However, adequate margins

are not always achieved, even in the hands of experienced surgeons.

Although there is no consensus on how radical the resection should be,

an intralesional margin is absolute proof that microscopic contamina-

tion is present and has thus been considered a surgical disaster.

Whether this is true and how to deal with this scenario is obscure since

it fortunately happens quite rarely. The current ESMO guidelines do
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not include a formal recommendation, whilst consideration of

postoperative radiotherapy was recommended in the EURAMOS

study.2,3 Whether re‐excision should be performed is unknown, and

data supporting its use comes from mixed cohorts of patients where

the primary surgery may also have entailed incomplete macroscopic

removal of the tumor, for example, during unplanned surgery or open

biopsy, or from low‐grade OS.4,5 Primary amputation in the case of

extremity tumors may also be a theoretical option to optimize local

control, although it has not been shown to improve overall patient

survival.6

We investigated the clinical outcome of patients treated with

surgery and chemotherapy for high‐grade OS, where the surgical

resection resulted in a contaminated (intralesional) surgical

margin, focusing on the local control of the disease and patient

survival.

2 | PATIENTS AND METHODS

The study cohort was retrieved from two major prospectively

collected databases, the Scandinavian Sarcoma Group registry and

the database of the Royal Orthopaedic Hospital in Birmingham.

Inclusion criteria were patients with high‐grade OS of the trunk or

extremities, without any evidence of metastases at presentation, and

with a minimum of 1 year of follow‐up for patients that were alive.

The study population consisted of 53 patients (30 female) treated

between 1990 and 2017. The characteristics of the cohort are shown

in Table 1. Oncological treatment was with cisplatin/doxorubicin/

methotrexate‐based schemes (EURAMOS/SSG II/SSG VIII) for

patients below 40 years of age, and Euroboss (or equivalent) for

the others. Follow‐up was according to the ESMO guidelines. The

median duration of follow‐up for patients alive at the last follow‐up

was 7 years (mean 8 years).

Details about the extent of the positive margin and whether

the tumor had been inadvertently cut through and the whole area

later excised, or whether the finding of the positive margin was

only identified on analysis of the resected specimen were not

available.

The study was in accordance with the Helsinki Declaration

(1975, revised 1983). Survival analysis was done in the SPSS

(version 25, SPSS Inc), using the Kaplan–Meier technique and

comparisons between groups were done using the log‐rank test.

Competing risk survival analysis was done in SAS (version 9.4,

www.sas.com) using the Fine and Gray model. Pearson's Χ2 test

was used for comparisons between categorical variables. All tests

were double‐sided, a p value of ≤0.05 was considered as

statistically significant.

3 | RESULTS

3.1 | Local recurrence rate and overall patient
survival

Of the 53 patients in the cohort, 13 (25%) experienced a local

recurrence of the tumor. The median time to local recurrence was 20

months (range: 5–42). The local recurrence rate was 20% at 2 years

and 31% at 5 years after the primary surgery (Figure 1).

At final follow‐up, 22 patients were alive. Overall patient survival

was 71% at 2 years and 40% at 5 years after the primary surgery

(Figure 2A). Survival for the patients who experienced local

recurrence was 32% at 2 years and 11% at 5 years after the event

of local recurrence (Figure 2B).

3.2 | Effect of chemotherapy response on the local
recurrence rate

Chemotherapy response could be retrieved for 32 patients. Of these,

only eight patients displayed a good chemotherapy response, with

TABLE 1 Patient demographics

Eligible patients (SSG/ROH) 53 (27/26)

Response to chemotherapy

Good 8

Poor 24

Unknown 21

Gender

Female 30

Male 23

Mean/median age in years 25/17

Mean/median size (cm) 11/10

Site

Humerus 12

Femur 11

Pelvis 9

Ribs 8

Tibia 4

`Other 9

Histology

Osteoblastic 24

Mixed 6

Chondroblastic 4

Telangiectatic 3

Fibroblastic 1

Unknown 15

Radiotherapy

Yes 14

No 35

Unknown 4
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necrosis of at least 90%. Of these, none suffered a local tumor

recurrence. Of the remaining 24 who had poor response, 9 (39%)

experienced a local recurrence. There were four local recurrences in

cases where the chemotherapy response rate could not be retrieved.

The association of chemotherapy response on local control of

the disease was also obvious in the survival analysis, where good

responders had a significantly superior local recurrence‐free survival

rate (p = 0.001) and disease‐free survival rate (p = 0.003; Figure 3).

Using competing risk survival analysis, with death as a competing

event for local recurrence, the association of a good response to

radiotherapy with local control of the disease remained significant

(p = 0.042).

3.3 | Effect of adjuvant radiotherapy and
re‐excision surgery

Data about adjuvant radiotherapy were known for 48 patients. Of

these, 14 had postoperative radiotherapy treatment, with a dose of

60–66Gy. Postoperative radiotherapy was not associated with an

improved local control rate in poor responders (p = 0.156) or the

whole cohort (p = 0.324).

Re‐excision after the initial operation was attempted in only

seven patients. All of these were local re‐excisions, and none

underwent an amputation. Surgical margins after the last operation

were intralesional in two patients, marginal in two, and wide in three.

Two of these seven patients suffered a local recurrence (one who had

a marginal margin at last operation and one who had wide margin).

Re‐excision had no effect on the local recurrence rate of the disease

for poor responders to chemotherapy (p = 0.656) or the whole cohort

(p = 0.814).

4 | DISCUSSION

The primary aim of the orthopedic oncologist when treating a patient

with an OS is to remove the tumor with a good surgical margin.

Intralesional margins have been shown to be associated with a higher

risk of local tumor recurrence in previous studies.7–10 There are,

however, data from challenging locations such as the proximal fibula

supporting that it may not be as detrimental as thought.11,12

Furthermore, what to do when this happens is largely unexploited.

This may clearly depend on the extent of the positive margin and

whether it is identified during the operation or is only later found on

histological analysis of the specimen. In the former situation, most

surgeons would probably consider taking a “wider”margin at the time and

possibly considering postoperative radiotherapy, whilst in the latter

situation, the decision is likely to be made by the whole multidisciplinary

team. In this scenario, the treating team face a dilemma: Should they

suggest re‐excision, or even more radical surgery such as amputation,

should they administer radiotherapy, or should they just rely on the

adjuvant effect of chemotherapy? We recognize that none of these

questions can be safely answered even in our study, which to our

knowledge reports on the largest cohort of OS in patients where the

margins were contaminated, given the rarity of the condition and the

general limitations of a retrospective study where there is heavy

treatment bias. Yet, we believe we provide valuable information on the

oncological outcome in this context, which hopefully helps physicians,

patients, and their families in informed decision‐making. Another

limitation is that we have no detailed information on the quality of the

margins, that is, the extent of tumor contamination. Theoretically, most

margin violations would be at the microscopical level. Furthermore,

missing information on chemotherapy response in many patients is a

further shortcoming of this study.

F IGURE 1 Local recurrence rate for patients with high‐grade osteosarcomas of the trunk and the extremities where the surgical margin was
intralesional.
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We have also not been able to retrospectively identify the

reasons why there was a positive margin and whether this was a

failure of surgical planning or an unexpected finding. Certainly, in

some cases, particularly poor responders, there may have been tumor

progression between the time of the latest scan and the date of

surgery, and this emphasizes the importance of timely scans,

especially in patients who do not appear to be responding to

chemotherapy.

Our first observation was that poor responders to chemotherapy

were clearly overrepresented in this cohort, which implies that a good

response to chemotherapy can facilitate the surgeon in achieving a

tumor‐free margin. The major finding in this study, however, was that

good response to adjuvant chemotherapy could compensate for a

poor margin. Indeed, in our cohort, there were no local relapses in the

group of patients who were good responders to chemotherapy. This

should by no means give the surgeon the false impression that

chemotherapy can be the remedy for bad surgery, and the primary

goal should always be for a wide margin. Even in our cohort, the

surgical intention was for a wide margin, and this as a rule results in

better oncological outcome even if the final surgical result was

inferior to the one expected. On the other hand, this observation

supports the notion that surgery should be performed even in cases

where there is a risk for microscopically contaminated margins,

especially when the clinical and radiological data during neoadjuvant

chemotherapy suggest that the patient is a good responder. This

means that decisions where patients are deemed to be inoperable

(A)

(B)

F IGURE 2 Overall survival rate for patients with high‐grade osteosarcomas of the trunk and the extremities where the surgical margin was
intralesional (A). Overall survival rate after local recurrence of the tumor (B).
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due to the size and extension of the primary tumor should be

carefully considered.

Even our cohort is not large enough to draw conclusion regarding

the value of adjuvant radiotherapy of re‐excision/amputation

regarding local control of the disease. It should however be noted

that re‐excision was performed in very few cases. This probably

reflects the nature of the intralesional margin, which is often at the

microscopical level. Re‐excision may be useful in cases of gross

tumors left behind.13 Regarding the use of postoperative radio-

therapy, we cannot draw any firm conclusions, and our data support

the notion that its effect is probably marginal, if any at all. Given the

lack of data to support any treatment recommendations, we believe it

may be considered in selected cases of poor responders where there

are not any significant side effects associated with its use and when a

possible local recurrence is expected to be very difficult to address

surgically.

Finally, the overall oncological outcome in this cohort of patients

did not differ significantly from the expected overall survival of

OS patients. Furthermore, poor responders who had a local tumor

recurrence had similar overall survival to the ones who did not. This

fact strengthens the view that response to chemotherapy is the major

treatment‐associated factor determining patient survival, while the

quality of surgery has an impact primarily on the local control of the

disease.14

(A)

(B)

F IGURE 3 Local recurrence‐free survival rate for patients with high‐grade osteosarcomas of the trunk and the extremities where the
surgical margin was intralesional, depending on the chemotherapy response (A). Disease‐free survival rate of the same cohort (B).
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5 | CONCLUSIONS

In adequately planned surgery, even when the surgeon fails and

violates the tumor margin, a good response to chemotherapy is

apparently able to rescue the outcome and prevent a surgical

catastrophe. In these cases, a careful watch‐and‐wait policy

seems reasonable. When there is a poor response to chemo-

therapy, treatment decisions are more difficult and should be

taken in an individualized basis recognizing the lack of evidence.

They should take into account the expected morbidity of

additional surgical excision, the feasibility of giving high‐dose

radiotherapy, and the operability of a potential local recurrence

vis‐a‐vis the expected survival, overall condition, and expecta-

tions of the patient.
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