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Introduction

Colorectal cancer (CRC) is a major reason for cancer 
death in the world today. CRC was calculated to be the 
second leading reason for cancer deaths in the world and 
the third most commonly diagnosed cancer, representing 
approximately 1.8 million new cases (10%) and 900,000 
deaths/year (9%). The incidence is higher in men than in 

women (1). The incidence of bone metastases in CRC has 
been investigated in previous studies and ranged from 2.9% 
to 6.6% in unselected patients (2-6). Furthermore, studies 
on metastatic CRC patients have shown that the incidence 
of MBD was 6.9–10.4% (6-10) while bone metastases have 
been reported in as high as 23% of autopsy cases (11,12).
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due to CRC has not been investigated previously. The 
aim of this study is to describe the mode of clinical 
presentation of metastatic bone disease (MBD) requiring 
surgical treatment in CRC, report the outcome of surgery 
depending on the type of orthopedic reconstruction 
performed for the lesion and identify possible prognostic 
factors for patient survival. We present the following 
article in accordance with the STROBE reporting checklist 
(available at https://dx.doi.org/10.21037/jgo-21-108).

Methods

The study is a retrospective analysis of data from an 
institutional prospectively collected database. Inclusion criteria 
were surgery for impending or completed pathological fracture 
due to metastatic bone disease caused by colorectal cancer, 
between year 2000–2018. Data was retrieved from the database 
and patient files were checked to confirm the validity of the 
data. All patients were treated surgically at the Department 
of Orthopedics, Karolinska University Hospital, Stockholm, 
Sweden between the year 2000–2019. 

A total of 46 patient files were studied compared to the 
inclusion criteria. Six patients were excluded because the 
origin of the tumor could not be verified and 4 because 
they never underwent orthopedic surgery for their bone 
metastases. In the final analysis, 36 patients (38 treated 
lesions) were included. Two male patients were treated for a 
second pathological fracture at a later occasion, accounting 
for a total number of 38 treated lesions. Data retrieved 
from the patient files were: gender, age of patient at first 
surgery, location of bone metastasis, blood hemoglobin and 
serum albumin level prior to surgery, reason for surgery, 
type of orthopedic reconstruction performed, adjuvant 
chemotherapy or radiation therapy prior and after surgery, 
local complications and secondary surgery as well as the 
status at last follow-up. Anemia was defined as a hemoglobin 
concentration below 13 g/dL in men and below 12 g/dL in 
women. Hypoalbuminemia was defined as serum albumin 
34 g/L. Leukocytosis was defined as white blood cell count 
greater than 8.8/µL. Indications for surgery were severe 
pain, major neurological deficit or inability to weight bare. 
The neurological symptoms were classified according to the 
Frankel scoring system (2). 

Statistical analysis

Statistical analysis was carried out in SPSS (version 25, 
SPSS Inc, Chicago, IL, USA). Comparisons between groups 

were done using the Pearson’s chi-square (χ2) test. Survival 
analysis was per Kaplan-Meier, comparisons between groups 
were done using the log-rank test. Multivariate analysis of 
possible prognostic factors was performed using the cox-
proportional hazard test. All tests were double-sided, and a 
P value of ≤0.05 was considered significant.

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the regional ethics board of Stockholm (No.: 
2012/272-31/4) and informed consent was waived due to 
the retrospective nature of the study.

Results

Patient characteristics and clinical presentation

The demographic characteristics and overall description of 
the cohort are presented in Table 1. The primary diagnosis 
was colon cancer for 19 patients and rectal cancer for  
17 patients. Twenty-eight patients (78%) had surgery for 
the CRC before their skeletal event, which occurred at 
a median of 3.1 years (range, 0.2–12.5) after surgery for 
CRC. In 3 patients the disease debuted with a pathological 
fracture, and oncological treatment was administered after 
the orthopedic surgery. 8 patients did not have surgery 
for their CRC and were treated only with chemotherapy 
and/or radiation therapy. The interval between diagnosis 
and orthopedic surgery could be retrieved for 5 of these  
8 patients and varied between 0.2 and 8.1 years (median  
0.8 years). 

Only two patients did not have known visceral metastases 
at the time of surgery or follow-up. One of these patients 
had a known colorectal cancer before surgery but the 
generalization of the disease started with a skeletal event, 
the other had no cancer diagnosis before the skeletal event. 
Both patients underwent radiology (CT-scan/scintigraphy) 
in close context to the surgery which confirmed the absence 
of visceral metastases. For one patient it was unclear if he/
she suffered from visceral metastases. 

The treated lesions were predominantly located in the 
spine (Figure 1). Bone metastases of the spine presented 
with pain or signs of spinal cord compression. The 
neurological symptoms were classified according to the 
Frankel scoring system (13). At the time for surgery, 7 of 
the 15 patients presented as Frankel C and 7 with Frankel 
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B. One patient had no neurological deficits (Frankel E), the 
main indication for surgery being intractable pain.

Regarding the fractures of the extremities, pelvis and 
clavicle, all patients presented with pain and/or inability 
to weight-bear. One patient with a pathological fracture 
of the tibia and one with pathological fracture in both the 
pelvis and femur also suffered from a severe contracture of 
the joint. Radiologically, lesions were mainly osteolytic and 
sometimes a soft-tissue component was obvious.

Oncological treatment and outcome

Most of the patients had documented treatment with both 

chemotherapy and radiation therapy. Only three did not 
receive cytostatic treatment, five did not receive radiation 
therapy, and one patient had missing data. Of the patients 
that did not receive chemotherapy, one patient had a Duke 
C rectal cancer and was treated with rectal amputation only. 
This patient developed skeletal metastases 2 years later and 
was scheduled for both cytostatic and radiation therapy 
but died before treatment began. The second patient 
was considered too ill to be treated with chemotherapy. 
The third patient presented with skeletal metastasis of 
unknown origin at the time of surgery. Preoperative CT 
scan suggested colorectal cancer and biopsy of the tumor 
confirmed the diagnosis. This patient was not given any 
cytostatic treatment within the follow-up period. All five 
patients not given radiation therapy were in poor overall 
condition, four were dead within 2 months of surgery and 
the 5th within 4 months. 

Overall patient survival was poor, with only 5 of 36 patients 
surviving 1 year after surgery, and 2 at 2 years. Median 
patient survival was 3 months (95% CI: 0–7 months) and 

Table 1 Description of the cohort

No Percentage (%)

Gender

Female 19 53

Male 17 47

Median age (years) 66

Location (treated lesion)

Femur 5 13

Femur and pelvis 2 5

Pelvis 4 11

Humerus 9 24

Clavicle and acromion 1 3

Spine 15 40

Calcaneus 1 3

Tibia 1 3

Bone metastatic load (patients)

Single metastasis 20 56

Multiple metastases 15 42

Uncertain 1 3

Visceral metastatic load (patients)

Present 33 92

Absent 2 6

Uncertain 1 3

Status at last follow-up (patients)

Alive 1 3

Dead 35 97

Figure 1 Anatomical localization of surgically treated metastatic 
bone lesions in patients with colorectal cancer.
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Figure 2 Survival analysis as per Kaplan-Meier of 36 patients operated for metastatic bone lesions caused by colorectal cancer. Median 
survival was 3 months after index surgery (A). Patients presenting with a solitary skeletal metastasis, even in the presence of visceral 
metastases, have superior overall survival (B). 

Table 2 Analysis of factors potentially associated with patient survival

Category [number of patients 
available for analysis]

Percentage (%)
Mean survival in months  

[95% CI] 
P value  

(log rank)

Gender Male [17] 47 8 [3–13] 0.941

Female [19] 53 7 [4–10]

Age  66 years or more [18] 50 6 [3–10] 0.340

Less than 66 years [18] 50 8 [5–12]

Bone metastases Solitary [20] 57 11 [7–15] 0.001

Multiple [15] 43 3 [1–4]

Hemoglobin Normal [25] 71 11 [4–18] 0.080

Anemia [10] 29 6 [3–9]

Albumin Normal [12] 40 10 [4–15] 0.204

Hypoalbuminemia [18] 60 6 [3–9]

While Blood Cells Normal [12] 34 9 [3–15] 0.429

Leukocytosis [23] 66 6 [4–8]

mean 6 months (95% CI: 4–9 months). The survival curve 
of the cohort is shown in Figure 2A. 25 out of 37 patients 
presented with anemia prior to first surgery. Analysis of 
possible factors associated with the oncologic outcome is 
presented in Table 2. In multivariate regression analysis the 
presence of solitary skeletal metastasis (P≤0.001) was the 
only factor associated with an improved overall survival. 
Even when the patient had known visceral metastases, the 
prognosis was better in case the bone metastasis was solitary 
(Figure 2B).

Surgical treatment and outcome

Of the 38 lesions treated surgically 16 were treated with 
osteosynthesis, 13 lesions were treated with debulking/
resection of the tumor with or without filling of the 
cavity with bone cement and 9 were treated with a joint 
replacement (hip, knee or shoulder arthroplasty). Follow-
up was not standardized, but most patients had a follow-
up appointment at 6–12 weeks postoperatively, and then 
as needed, either via the treating oncologist or orthopedic 
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surgeon. 
We next reviewed the local complications as well as the 

re-operation risk due to implant failure. The complications 
are presented in Table 3. In total, 11 patients (30%) suffered 
complications after surgery, 2 systemic and 9 local. The 
local complication rate was most considerable in the group 
treated for metastases in the humerus (3/9 patients) and 
pelvis (2/4 patients). The rate of revision surgery due to 
implant failure was 7% at 6 months and 49% at 1 year after 
index surgery (Figure 3).

Of the 9 patients treated for lesions in the humerus, 3 
patients suffered complications and 2 underwent revision 

surgery. One patient with shoulder prosthesis suffered from 
tumor regrowth and underwent amputation. Two patients 
treated with osteosynthesis suffered from implant failure, 
where one led to revision surgery. The patient in need 
of revision surgery originally had a fracture in humeral 
diaphysis treated with plate and screws and was treated with 
conversion to elbow prosthesis after implant failure. The 
other patient, primarily treated with an intramedullary nail, 
suffered from a secondary dislocation of the fracture due to 
non-healing, but was treated conservatively because of the 
seriousness of his general condition. 

Out of the four patients treated for metastases in the 
pelvis, two suffered from complications and one underwent 
revision surgery. One patient initially operated with a 
prosthesis had to undergo 2 revision surgeries, one for 
a technical error and one for deep infection. The other 
patient suffered from nerve damage, superficial infection 
and later tumor regrowth but never underwent revision 
surgery. 

In the group treated for spinal metastases, four patients 
out of 15 suffered from complications. One from superficial 
infection and two from regrowth. Two patients underwent 
revision surgery because of regrowth of the tumor. The 
patients in need of revision surgery were treated with 
extended laminectomy and debulking of the tumor, in one 
case combined with posterior stabilization. 

One patient was treated for a pathological fracture in the 
calcaneus with debulking and cement. This patient suffered 

Table 3 Description of complications

Complications
Type [number of 
patients]

Percentage 
(%)

Location of metastases 
[number of patients]

Number of 
surgeries 

Type of surgery [number of patient]

General 
Complications

Pneumonia [1] 3 Spine [1]

Pressure ulcer [1] 3 Femur [1]

Local 
Complications

Failure of 
Osteosynthesis [3] 

8 Humerus [2] 1 Conversion to prosthesis

Regrowth [5] 14 Humerus [1]; calcaneus [1];  
spine [2]; pelvis [1]

4 Amputation [2]; laminectomy [1]; 
laminectomy with posterior stabilization [1]

Deep infection [1] 3 Pelvis [1] 1 Surgical debridement. Drainage [1]

Superficial infection [2] 6 Spine [1] Pelvis [1] 0

Nerve damage [1] 3 Pelvis [1] 0

Dural rift [1] 3 Spine [1] 0

Failure of surgical 
material [1]

3 Pelvis [1] 1 Removal of surgical drainage [1]
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Figure 3 Reoperation rate due to failure of initial surgical 
procedure, in 36 patients who underwent surgical treatment for 
metastatic bone disease due to colorectal cancer. 
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from tumor regrowth and was later treated with below-knee 
amputation.

Conclusions

Bone metastases should be suspected in patients with 
colorectal cancer presenting with signs and symptoms of an 
impending or complete pathological fracture such as pain, 
inability to weight-bear, or signs of spinal cord compression. 
When present, it is associated with poor prognosis (14). 
In our study, with patients with metastatic lesions needing 
surgical treatment, the mean survival was 6 month and only 
10% survived one year. This indicates a worse prognosis 
for patients in this group compared to the group with CRC 
and bone metastases not needing surgical intervention. 
According to our experience, patients with pathological 
fractures of the long bones (femur, humerus, tibia) cannot 
be managed non-surgically. Patients with solitary spinal 
metastases and major neurological deficits of acute onset 
also benefit from surgery. 

Various prognostic factors have been proposed for 
patients with CRC. Even though most patients had a 
dismal prognosis, there were some long-time survivors, 
which is in accordance with previous case-reports (15,16). 
In our comparatively small cohort of CRC patients with 
MBD needing surgical treatment, patients with localized 
MBD (solitary bone metastases) had a better prognosis 
than the ones with generalized MBD, irrespective of the 
extent of visceral involvement of the disease. Solitary bone 
metastasis is also shown to be a good prognostic factor for 
other cancers such as breast (17), lung cancer (18) and renal 
cancer (19). 

In our study there were more patients with treated 
lesions from colon cancer than from rectal cancer. This 
differs from the findings in the previously described studies 
where they described that the risk of developing bone 
metastases seems to be higher the more distal the CRC 
is (6,14,20). However, our cohort was selected for cases 
admitted for surgical treatment and does not cover the 
whole spectrum of MBD in patients with CRC.

We observed a high local complication rate and the re-
operation rate due to failure of the initial operation was not 
negligible. Compared to previous studies of pathological 
fractures in femur and humerus (21-23), all local failures 
in our study were in the humerus and none in the femur, 
suggesting different treatment considerations for these 
locations in metastatic CRC (24). Awareness for local 
complications should be especially high for the patients 

with pathological fractures in the humerus and the pelvis, 
and a standardized follow-up looking for both local and 
systemic complications is indicated. The complications 
can arrive at any time after surgery (mean 4 months). The 
complications in need of revision surgery (such as regrowth) 
seems to appear later than average (mean 8 months). 
Patients with solitary bone metastases have longer survival 
and the complication rate is considerable with almost 50% 
revision rate for patients surviving more than 1 year. We 
thus advocate careful consideration of surgical methods 
and estimation of patient survival when planning surgical 
treatment. 
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