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Background: Combined surgery and radiotherapy, in the treatment of metastatic disease of the spine,
is now emerging as the gold standard of care where there is an indication for spinal stabilization and/or
surgical decompression. However potential complications related to wound healing can occur with radiation
delivered shortly before or after to surgery. The purpose of this study was to understand the practice of
leading radiation oncologists and spine surgeons with regards to the timing of radiation (conventional and
stereotactic) and surgery for the management of spinal metastases.

Methods: Questionnaires were sent to leading radiation oncologists and spine surgeons throughout North
America and completed via mail, email or internet.

Results: Eighty-six responses were received from radiation oncologists and 27 from spine surgeons. A total
of 58% recommended waiting either 1 or 2 weeks after radiotherapy before operating on patients with spinal
metastases. With radiotherapy administered after surgery, 62% of respondents suggested either a 1 or 2 weeks
interval was sufficient.

Conclusions: There appeared to be no significant difference in practice with the use of stereotactic
radiotherapy though surgeons tend to accept a shorter interval in this subset of patients. We recommend that

the interval between radiotherapy and surgery (and vice versa) should ideally be a minimum of 2 weeks.
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Introduction

Use of both surgery and radiotherapy in the treatment of
metastatic disease of the spine continues to evolve. While
surgery was previously limited to cases of neurologic
deterioration during radiation, radioresistant tumors and
failure of radiotherapy, the need for spinal stability (1)

in patients experiencing mechanical back pain, as well as

© Journal of Spine Surgery. All rights reserved.

jss.amegroups.com

symptomatic epidural disease, has widened the indications
for surgical intervention. Although the optimal timing
of treatment is essential for both primary and metastatic
tumors of the spine, it is especially true in the latter, where
several landmark papers have demonstrated the benefit
and cost effectiveness of combined surgery plus radiation
treatment versus radiation alone (2-5).

The greatest concern when considering the proximity
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and time interval between radiation and surgical treatment
is wound healing (6-8). If radiation treatment occurs in the
early phases of healing, it may lead to breakdown in the
treated area, depending on the total dose and frequency
of radiation exposure (9-12). Moreover, this oncologic
population is often malnourished, on steroids, chemotherapy
and/or anti angiogenic factors, all of which contribute to
turther fragility of the tissues and impaired healing capacity.
The optimal timing between radiation and surgery (and
vice versa) is unknown and the clinical decision has up until
now been guided by personal experience, rather than any
clear guidelines; an alarming acknowledgement given the
prevalence and importance of the clinical dilemma.

To try and help answer this question, a systematic
review was done to determine the optimal timing between
radiation and surgery (13). Very low-quality literature
suggested that surgery within seven days of radiation
increases the rate of postoperative wound complications.
Timing of adjuvant radiotherapy following surgery was not
specifically determined. The systematic review combined
the literature on general principles of wound healing and
effects of radiation on wound healing, to conclude the
optimal radiotherapy-surgery/surgery-radiotherapy time
interval should be at least one week; however numerous
limitations weakens this conclusion. Furthermore, radiation
treatment is evolving and three-dimensional conformal
radiation therapy or stereotactic spinal radiotherapy is
now being used in many centers, which may minimize the
radiation dose to the skin at the surgical incision site and
thus reduce the likelihood of complications due to wound
healing. With limited guidelines from the best available
literature on this sentinel clinical question, an evidence-
based medicine (EBM) model of best available evidence plus
consensus expert opinion is an essential next step.

The purpose of this study was to collate the opinions
of experienced radiation oncologists and spine surgeons
regarding the timing of radiation (both conventional and
stereotactic) and surgery in order to produce an EBM
decision aid. This information will help guide oncologists
and surgeons in determining the optimal timing of radiation
and surgical treatment for the management of metastatic
spine disease.

Methods
Respondents

Ethical approval was obtained. Surveys were sent to
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radiation oncologists and spine surgeons at tertiary
care centers throughout North America who regularly
treat metastatic spine disease. Members of the Spine
Oncology Study Group were all included and members
asked to cascade the questionnaire to high volume
departmental colleagues. Email, regular mail and a web-
based questionnaire (www.surveymonkey.com) allowed
confidential distribution of the survey. Physicians were
asked to estimate the number of cases of spinal metastases
they treat per year. Follow-up letters and email were sent to
non-responders in order to elicit a response.

Survey

The survey consisted of four main components:

() The minimum time to wait before performing
spine surgery after conventional radiation;

(II) The minimum time to wait before starting
conventional radiation after uncomplicated spine
surgery;

(IIT) The minimum time to wait before performing
spine surgery after stereotactic radiation (1,800-
2,400 cGy in 1 fraction);

(IV) The minimum time to wait before starting
stereotactic radiation (1,800-2,400 cGy in
1 fraction) after uncomplicated spine surgery.

In each scenario, respondents were asked to select either

1, 2, 3, 4-6 or >6 weeks.

Statistical analysis

Data was tabulated and analyzed in the form of a frequency
distribution. The survey data were compiled and analyzed
using Microsoft Excel (Microsoft Corporation, Redmond,
WA, USA). The mode was used to summarize nominal
data. Within the radiation oncologists and surgeon groups,
two tail testing (P=0.05) was performed on the binomial
probabilities. Furthermore, statistical testing of the
difference between the radiation oncologists and surgeons
was performed using a two-tail #-test. If necessary, subgroup
analysis was performed with respect to the physicians who
treated a higher volume of cases (21-30 or 30+ metastases
cases per year).

Results

A total of 130 surveys were sent out (100 to radiation
oncologists and 30 to specialist spine surgeons). In total, 113
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Table 1 Number of cases of metastases treated per year by physicians

Lee et al. Timing of surgery and radiotherapy in metastatic spine disease

Number of cases of metastases treated per year 0-10 [%] 11-20 [%] 21-30 [%] 30 [%]
Radiation oncologists 17 [20] 25 [29] 23 [27] 21 [24]
Surgeons 11[4] 9 [33] 4[15] 13 [48]

Table 2 Results of timing of surgery after radiotherapy

Variables 1 week [%] 2 weeks [%] 3 weeks [%] 4-6 weeks [%] 6+ weeks [%]
Conventional radiotherapy then surgery
Radiation oncologists 37 [43]" 20 [23] 67" 21 [24] 212
Surgeons 6 [22] 3 [11] 6 [22] 10 [37]” 2[7]
Stereotactic radiotherapy then surgery
Radiation oncologists 21 [24] 24 [28] 11 [13] 23 [27] 7 [8]”
Surgeons 16 [59]*’” 5[19] 3[11] 21[7] 01[0]

*, significant difference between the two groups; #, significant difference in binomial probabilities.

replies (87%) were received (86 from radiation oncologists
and 27 from spine surgeons). The treatment demographics
of the respondents are presented in Table 1.

Thirteen out of the 27 responding surgeons (48%)
treated more than 30 cases of spinal metastases per year
while the distribution was more evenly spread amongst the
radiation oncologists (z=2.345; P=0.019) (Tuble 1).

Timing of surgery after radiotherapy

Table 2 shows the results of the practices of the radiation
oncologists and spine surgeons on the timing of surgery
after both conventional and stereotactic radiotherapy. One
respondent did not answer the question on stereotactic
surgery. Consensus differed between the radiation
oncologists and surgeons with regard to conventional
radiotherapy: 43% of radiation oncologists advocated a
1-week delay after conventional radiotherapy, whereas 37%
of surgeons preferred to wait 4-6 weeks before surgery
(z=-1.94; P=0.05), with the majority of surgeons preferring
to wait 3 weeks or more (66%) (z=3.03; P=0.002). Subgroup
analysis of the higher volume physicians revealed that 10
out of 17 surgeons would wait at least 4-6 weeks to operate
after a patient with spinal metastases received conventional
radiotherapy compared to 13 out of 44 radiation oncologists
(z=2.12; P=0.03). However, there is consensus if the total
number of respondents in the 1- and 2-week groups
are combined (58%; 38% suggesting 1 week and 20%
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suggesting 2 weeks).

A similar but reversed disparity in opinion is seen in
the case of stereotactic radiotherapy preceding surgery.
While there was no overall consensus amongst the radiation
oncologists, 59% of surgeons would be prepared to proceed
with surgery one week after stereotactic radiotherapy
compared to 24% of radiation oncologists (z=-3.37;
P=0.0008). Subgroup analysis of the 17 high volume
surgeons showed that 11 spine surgeons consider surgery
after stereotactic radiotherapy a safer option, with these 11
respondents reducing the time they would wait compared to
conventional radiotherapy. This optimistic view regarding
stereotactic radiotherapy is not shared by the radiation
oncologists, where only 5 out of the 44 high volume
group (20-30 metastases and 30+ metastases per year)
would reduce the time for wound healing after stereotactic
radiation (z=-4.25; P<0.0002). However, once again, there
is consensus if the total number of respondents in the 1-
and 2-week groups are combined (59%; 33% suggesting
1 week and 26% suggesting 2 weeks).

Timing of radiotherapy after surgery

Table 3 shows the results of timing of conventional and
stereotactic radiotherapy after surgery. The results here are
much more concordant, with joint consensus between both
groups indicating that the optimum time for conventional
radiotherapy after surgery is 2 weeks (41% of radiation
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Table 3 Results of timing of radiotherapy after surgery
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Variables 1 week [%] 2 weeks [%] 3 weeks [%] 4-6 weeks [%] 6+ weeks [%]
Surgery then conventional radiotherapy
Radiation oncologists 24 28] 35 [41] 12 [14] 14 [16] 107
Surgeons 0[0] 11 [41] 7 [26] 9[33] 010]
Surgery then stereotactic radiotherapy
Radiation oncologists 14 [16]* 37 [43]" 13 [15] 22 [26] ooy
Surgeons 11 [42]* 4[15] 3[12] 0[0]

*, significant difference between the two groups; #, significant difference in binomial probabilities.

oncologists and surgeons) (z=-0.004; P=0.997).

Slight disparity is seen in the case of stereotactic
radiotherapy treatment after surgery with 43% of radiation
oncologists, but only 30% of surgeons advocating a 2-week
delay (z=1.25; P=0.22); 41% of surgeons suggest a 1-week
delay is sufficient (z=-2.67; P=0.008). However, there is
consensus if the responses of the 1- and 2-week groups
are combined (59% of radiation oncologists and 73% of
surgeons) (z=-1.03; P=0.30). Subgroup analysis of the
17 high volume surgeons demonstrates that 13 consider
stereotactic radiotherapy after surgery a safer option.
Again, the optimism shared by the surgeons with regard
to stereotactic radiotherapy is not shared by the radiation
oncologists, where only 10 out of the 44 high volume group
would reduce the time for wound healing after stereotactic
radiotherapy.

Discussion

The timing of surgical and radiotherapy treatment is
encountered frequently in the management of spine
oncology. A systematic review (13) showed that there was a
paucity of good quality literature which directly addressed
this specific concern. An assimilation of the current evidence
together with an understanding of the effects of radiation on
wound healing lead the authors to recommend an interval
of at least one week between radiotherapy and surgery and
vice versa for the treatment of spinal metastases, regardless
of the type (conventional or stereotactic) of radiotherapy
given.

Timing of surgery after radiotherapy

Interestingly, expert opinion is divided between radiation
oncologists and surgeons on the timing of surgery following
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radiation therapy. The consensus amongst surgeons is to
wait 4-6 weeks to operate after conventional radiotherapy
whereas radiation oncologists advocate only a 1-week time
interval. This disparity may be a reflection of the treatment
pathway and the timing of subsequent clinical follow-
up. Wound complications are devastating events often
necessitating reoperations, delaying systemic treatment
and prolonging the hospital length of stay for this fragile
oncologic population with limited life expectancy. It is the
surgeon, more than the radiation oncologist, who deals first
hand with the wound complications, possibly giving the
radiation oncologist a biased impression surrounding the
wound complication rate.

The opinion of radiation oncologists regarding
the optimal timing of surgery following stereotactic
radiotherapy was divided relatively homogenously. In the
subgroup analysis, radiation oncologists actually consider
this form of radiotherapy to lead to a greater risk of wound
complications compared to conventional radiotherapy
treatment. In contrast, surgeons hold a very optimistic view
with the majority advocating safe surgery just one week
following a stereotactic procedure. Clinical experience in
this field is limited as shown by the paucity of literature
on the matter. Wound healing in patients who underwent
stereotactic radiosurgery (SRS) prior to surgery was
discussed in only two studies (14,15) including nine patients
and the interval between procedures was not specified. As a
result, the surgical viewpoint may be biased by a lack of true
clinical evidence, reliance on theoretical knowledge, and
anecdotal evidence from experienced centers.

Combining clinical data and the current practices of
experienced radiation oncologists and spine surgeons allows
us to draw firm recommendations for the optimal timing
of surgical treatment after conventional radiotherapy. Data
from a systematic review, the understanding of wound
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healing process, as well as opinion from surgeons and
radiation oncologists would support a minimum of a one-
week interval and preferably a 2-week interval between
radiation (regardless of type) and spine surgery. Published
cases of surgery undertaken within a week of radiation, were
due to clinical deterioration during radiation treatment.
Acute neurological deterioration, as well as emergent
surgical decompression may certainly contribute to higher
rates of wound complications. In subjectively weighing all
the variables, from best available evidence and consensus
expert opinion, a qualitative assessment would be to wait
2 weeks for surgery after conventional or stereotactic
radiotherapy and at minimum one week.

Timing of radiotherapy after surgery

From a purely histological perspective, we know that
radiation has the greatest negative impact during the
inflammatory and proliferative phase of wound healing.
"This occurs in the first week, when collagen production by
fibroblasts is at its peak (9,10,16-19).

Very limited data is available on wound complications
when SRS is employed post-operatively. Available literature
(14,15,20-23) suggests that treatment with surgery
followed by SRS may pose less risk to postoperative healing
compared to the combination of surgery and conventional
radiotherapy. The same literature also suggests that
the wound complication in patients undergoing SRS
is significantly greater in cases of previous exposure to
conventional radiation.

Current practice amongst experienced radiation
oncologists and spine surgeons is concordant and suggests
that a 2-week delay for conventional radiotherapy after
surgery is sufficient. Expert opinion on the optimal time
interval between surgery and stereotactic radiotherapy is
slightly different between the two groups, surgeons being
once again more confident in recommending stereotactic
treatment earlier than their radiation oncologist colleagues.

Combining consensus expert opinion with the published
literature allows us to recommend a 2-week delay for
conventional radiation therapy after uncomplicated
spine surgery. This delay is usually clinically acceptable
since spinal cord decompression and stabilization of the
spinal column are usually accomplished with surgery. A
recommendation of a 2-week time interval is also made
for the case of post-operative SRS. However, based on
surgeons’ opinion and the limited available literature, it
seems than a shorter time interval could be reasonable, but
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warrants further clinical research.

Our study is limited by the small number of spine
surgeons compared to the radiation oncologists; however,
this reflects the specialized nature of this field of surgery
and indeed many of these surgeons who completed the
survey are experienced key opinion leaders. The results of
this study along with the previous systematic review still
only provide at best class III evidence, according to the
criteria for the classification of evidence developed by the
U.S. Preventative Services Task Force (24).

The study does however represent the EBM model of
best available evidence plus expert opinion to facilitate
clinical decision-making. The findings may be applied in the
context of clinical experience and circumstances, including
patient preference. Moreover, it provides a foundation on
which to move forward with a large prospective multi-
center study to generate the numbers of patients and
cohorts needed to determine the optimal timing of surgery
and radiation for the management of spinal metastases with
a higher level of scientific integrity.

Conclusions

Based on the available literature and understanding the
practices of experienced radiation oncologists and spine
surgeons regarding the timing of radiation (both conventional
and stereotactic) and surgery, the authors provide an EBM
recommendation to guide oncologists and surgeons in
determining the optimal timing of radiation and surgical
treatment for the management of metastatic spine disease.
We recommend that the interval between radiotherapy (either
stereotactic or conventional) and surgery (and vice versa)
should ideally be a minimum of 2 weeks.
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