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Abstract

The incidence of bone metastasis (BM) in colorectal cancer (CRC) patients is low and the prognosis is poor. There is no
clear conclusion on the risk factors affecting the survival of CRC patients with BM. The aim of this study was to investigate
the factors that may affect the prognosis of CRC patients with BM. The clinical and pathological data of CRC patients with
BM were retrospectively analyzed. The overall survival after BM diagnosis was estimated using the Kaplan—-Meier method
and Log-rank test, and a multivariable cox regression model was used to identify the prognostic factors of overall survival.
This study included 178 CRC patients with BM, of whom 151 had left-sided CRC and 27 had right-sided colon cancer. 1124
CRC patients with BM from the SEER database were included to perform a sensitivity analysis of the primary outcome.
Multivariate analysis showed that the N staging, site of BM, and primary tumor sidedness (PTS) were independent prognos-
tic factors for CRC with BM. Among them, right-sided colon cancer patients with BM had a poorer prognosis. Sensitivity
analyses showed that PTS was an independent prognostic factor in CRC patients with BM. Primary tumor sidedness and
N stage may be potential prognostic markers for BM of CRC. The prognosis of NO stage CRC with BM is better, while the

prognosis of right-sided colon cancer is poor.
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Introduction

Colorectal cancer (CRC) is a common malignant tumor,
and the most common metastatic sites of CRC are liver or
lung, while bone metastases (BMs) are relatively rare. The
vast majority of metastatic bone tumors arise from prostate,
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breast, kidney, lung, and thyroid cancers, while CRC is less
common, accounting for only 3-5% [1].

Patients with BM may develop pathologic fractures,
severe bone pain, vertebral compression, and skeleton-
related events (SRE) [2], such as hypercalcemia, which can
seriously affect the quality of life. The outcomes of CRC
patients with BM are worse; the median survival of these
patients is less than 1 year [4] and the 5-year survival rate
is less than 5% [1]. Despite the inclusion of bisphosphonate
therapy, chemotherapy, molecular targeted therapy, immu-
notherapy, local surgery, radiotherapy, analgesia, and symp-
tomatic support therapy, the prognosis for CRC patients with
BM remains unsatisfactory. Understanding the pathological,
biochemical, and therapeutic factors related to the prognosis
of CRC patients with BM is helpful for early clinical inter-
vention to improve the quality of life and survival rate of
patients. However, there is no consensus on the risk factors
affecting the survival of CRC patients with BM, and the
relevant research remains limited [6].

Therefore, we conducted a retrospective study on the
clinical data and follow-up data of 178 CRC patients with
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BM at Tianjin Union Medical Center. The aims of our study
were to analyze the potential prognostic factors related to the
survival of CRC patients with BM using clinicopathologi-
cal, biochemical, and treatment information, which will help
optimize clinical treatment strategies.

Materials and methods
Patients and data resources

A total of 202 CRC patients diagnosed with BM between
January 2012 and December 2021 in Tianjin Union Medical
Center were retrospectively identified. Only patients with
CRC and > 1 site of BM during the course of their disease
were included in this study. Cases in which CRC directly
invaded adjacent bone have been excluded. 13 patients were
excluded due to incomplete clinical information, 10 patients
were excluded due to BM caused by other types of malignant
tumors, and 1 patient was lost to follow-up. The pathologi-
cal examination confirmed that it was primary CRC. Fur-
thermore, the identification of BM was mainly performed
by imaging examinations such as X-rays, computed tomog-
raphy, emission computed tomography, positron emission
tomography—computed tomography, and magnetic resonance
imaging. Right-sided colon cancer (RCC) includes cancers
of two-thirds of the proximal transverse colon hepatic flex-
ure of colon, ascending colon, and caecum, while left-sided
CRC (LCRC) encompasses cancers of third of the distal
transverse colon, splenic flexure of colon, descending colon,
sigmoid colon, and high and middle rectum [7]. For colon
cancer, we performed D3 lymphadenectomy (resection of
parenteral, intermediate and central lymph nodes). Lymph
node resection for rectal cancer includes intra mesenteric
lymphadenectomy, lateral mesenteric lymphadenectomy
plus lateral lymph node dissection. For patients who did not
receive primary tumor resection, the reported TNM stages
of primary tumors were clinically evaluated based on imag-
ing techniques. Extra-osseous metastases were defined as
those that occur simultaneously or after the primary tumor.
In terms of number of BM, isolated bone involvement was
defined as two or fewer adjacent vertebral metastases, while
multiple bone involvement was defined as non-adjacent or
more than two vertebral metastases.

Follow-up was from diagnosis of CRC until death or
March 2022. Cancer-specific survival (CSS) was defined
as the time from diagnosis of BM to cancer death or end
of follow-up. According to the corresponding guidelines,
patients with AJCC stage I were followed up once every
6 months for 5 years. Patients with AJCC stages [I-IVwere
followed up every 3 months for 3 years, then every 6 months
until 5 years after surgery, and then annually after 5 years
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post-surgery. This study was approved by the Ethics Com-
mittee of Tianjin Union Medical Center.

Prognostic factors

Clinical data and survival status of patients were obtained
from electronic medical records and follow-ups. Statistical
analysis was performed on the collected variables, which
included (1) demographic characteristics: age and gender,
(2) clinical features: primary tumor location, pathological
type, AJCC TNM stage, bone involvement, Tumor metas-
tasis time, site of BM, extra-osseous metastases, (3) labora-
tory examinations: ALP levels, CEA levels, CA199 levels,
and primary tumor resection, and (4) BM-related treatments
such as systemic treatment, bisphosphonates, radiotherapy,
and surgery.

Sensitivity analysis

Two sets of sensitivity analyses were performed to assess the
robustness of the primary outcome. First, considering the
impact of different populations on outcomes, we included
1124 patients from the SEER database and screened for
age, gender, pathological type of tumor, AJCC TNM stage,
T stage, N stage, CEA levels, extra-osseous metastases,
liver metastasis, lung metastasis, brain—lung metastasis,
chemotherapy, radiotherapy, primary tumor resection, and
primary tumor sidedness (PTS) for a total of 15 variables.
Then Kaplan—Meier analysis and COX regression analysis
were used to re-identify the prognostic factors of BM in
CRC (Model 1). Second, considering the influence of clini-
cal treatments such as radiotherapy and tumor pathological
information on patient prognosis, we constructed two new
prognostic models based on the original prognostic model
(Model 0): (1) Model 2.1: Variables contained in the Model
0 and primary tumor site surgery, chemotherapy, radiother-
apy, BM site surgery, bisphosphonate therapy, histological
type, and T stage; (2) Model 2.2: Variables contained in the
Model 0 and primary tumor site surgery, chemotherapy, radi-
otherapy, BM site surgery, and bisphosphonate therapy; in
addition, we removed the variable of lung metastasis (Model
3) from the original prognostic model to assess the changes
of independent prognostic factors in CRC patients with BM
under different models because of the possible partial over-
lap between lung metastasis and EM data.

Statistical analysis

Comparing the clinical baseline characteristics of RCC and
LCRC patients with BM using Pearson's y” test or Fisher's
exact test, all variables were analyzed by Kaplan—Meier
method and Log-rank test for univariate survival analysis. In
the next step, variables whose univariate analysis result was
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p <0.05 were included in COX regression model for mul-
tivariate prognosis analysis. Finally, hazard ratios and 95%
confidence intervals were calculated. p < 0.05 indicates that
the difference is statistically significant. Statistical analyses
were carried out by IBM SPSS Statistics software (version
26.0).

Results

In this study, 178 colorectal patients diagnosed with BM
were included in the final analysis, while 24 cases were
excluded. 84.8% of patients (151/178) were identified
with LCRC with BM, and 15.2% of patients (27/178) were
reported as RCC with BM.

Patient characteristics

The clinical and pathological characteristics of the LCRC
and RCC patients with BM are shown in Table 1. The
median age in the LCRC group was 62 years (29-84 years),
compared with 65 years in the RCC group. Adenocarcinoma
was significantly more common in the LCRC group than
in the RCC group (77.5% vs. 55.6%, p=0.04). The AJCC
TNM stage (p=0.088), CEA levels (p=0.377), CA19-9
levels (p =0.135), and extra-osseous metastases (p =0.578)
were similar between two groups, when BM was diagnosed.

Patterns of BM and extra-osseous metastasis

There was a statistically significant difference in tumor
metastasis time between the LCRC group and RCC group
(»p=0.009). Synchronous BMs were more frequent in the
RCC group (85.2% vs. 58.3%), while metachronous BMs
were significantly more prevalent in the LCRC group (41.7%
vs. 14.8%). However, no statistical significance in extra-
osseous metastases was observed between the two groups
(p=0.508). Multiple bone lesions were found in 54.3% of
patients (82/151) in the LCRC group and 70.4% of patients
(19/27) in the RCC group, showing no significant difference
(p=0.143). The spine was the primary site of BM for bone
lesions in both groups (35.1% vs. 25.9%), followed by the
pelvis (28.5% vs. 22.2%).

Treatments

Primary tumor resection was performed more frequently on
RCC patients with BM than LCRC patients with BM (88.9%
vs. 66.9%, p=0.037). Patients in both groups received stand-
ardized treatment according to the NCCN guidelines. In
addition, no significant difference was found in chemother-
apy plus targeted therapy, radiotherapy, bisphosphonates,

and metastasectomy for BM between the LCRC and RCC
groups (p > 0.05).

Survival

During the follow-up period, 118 CRC patients (66.3%) died
of the disease, including 97 in the LCRC group and 21 in
the RCC group. The median follow-up time was 7 months
(1-39 months). Median CSS was 15 months (95% CI
11.5-18.5 months) in LCRC patients and 6 months (95%
CI 0-13.4 months) in RCC patients. The 3-year and 5-year
overall survival of LCRC and RCC with BM were 30.9%
versus 14.4%, and 21% versus 7.2%, respectively. Figure 1
displays the Kaplan—Meier curves of PTL according to over-
all CSS. The overall CSS of LCRC was significantly longer
than that of RCC (p=0.22). There was no significant differ-
ence in the number of lymph nodes removed between the left
and right colons (14.76 +£4.73 vs. 16.67 +9.23, p=0.560).
The results showed that in CRC, the median OS in the group
with < 12 lymph nodes dissection was 12 (0.44-23.56)
months. The median OS was 15 (12.99-17.01) months in
the group with > 12 lymph nodes dissection, and there was
no significant difference in OS (p =0.449).

In this study, compared with LCRC, RCC had a shorter
survival time after SBM (15 vs. 5 months). In RCC, the
survival time of SBM was significantly shorter (14 vs.
5 months) compared to MBM. This may be due to their dif-
ferent pathologic features and sensitivity to treatment.

We further analyzed the time between the onset of CRC
and BM, and the median MBM was 11.5 months. SBM
(< 6 months), early MBM (6—12 months), and late MBM
(> 12 months) were divided. The median OS of MBM was
14 (7.37-20.63) months, the median OS of early MBM was
16 (0-34.27) months, and the median OS of late SBM was
13 (9.61-16.39) months, and there was no significant differ-
ence in prognosis (p =0.973).

Prognostic Factors

Table 2 shows the p values from the univariate survival analy-
sis for CRC, LCRC, and RCC groups. Variables with p <0.05
were included in COX regression model for multivariate
prognosis analysis. The independent prognostic factors were
defined as variables with p <0.05 in COX regression model.
Consequently, primary tumor sidedness (LCRC/RCC) (HR
1.872, p=0.024), N stage (HR 6.693, p <0.001), and site
of BM (p=0.026) were identified as independent prognos-
tic factors for CRC with BM patients. N stage (HR 10.523,
p=0.002), lung metastasis (HR 1.529, p=0.049), and site of
BM (p=0.047) were independent prognostic factors for LCRC
with BM patients. In contrast, bisphosphonate therapy (HR
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Tablg 1 The comparison Variable LCRC RCC p value
of clinicopathological
characteristics in LCRC and N=151 84.80% N=27 15.20%
RCC patients with BM
Age at BM diagnosis, years 0.136
<60 64 42.40% 7 25.90%
>60 87 57.60% 20 74.10%
Gender 0.831
Male 94 62.30% 16 59.30%
Female 57 37.70% 11 40.70%
Pathological type of tumor 0.04*
Adenocarcinoma 117 77.50% 15 55.60%
Mucous adenocarcinoma 16 10.60% 7 25.90%
Signet-ring cell carcinoma carcinomar- 18 11.90% 5 18.50%
ing cell carcinoma
AJCC TNM stage at initial diagnosis 0.088
I-1I 31 20.50% 10 37.00%
I 58 38.40% 11 40.70%
v 62 41.10% 6 22.20%
T stage 0.342
1-2 15 9.90% 1 3.70%
3 91 60.30% 20 74.10%
4 45 29.80% 6 22.20%
N stage 0.122
0 44 29.10% 12 44.40%
1-2 107 70.90% 15 50.60%
M stage 0.085
0 89 58.90% 21 77.80%
1 62 41.10% 6 22.20%
ALP level 0.011*
Negative 82 54.30% 7 25.90%
Positive 69 45.70% 20 74.10%
CEA level 0.377
Negative 23 15.20% 2 7.40%
Positive 128 84.80% 25 92.60%
CA19-9 level 0.135
Negative 65 43.00% 7 25.90%
Positive 86 57.00% 20 74.10%
Extra-osseous metastases 0.508
No 51 33.80% 7 25.90%
Yes 100 66.20% 20 74.10%
Liver metastasis 0.655
No 104 68.90% 17 63.00%
Yes 47 31.10% 10 37.00%
Lung metastasis 0.669
No 93 61.60% 15 55.60%
Yes 58 38.40% 12 44.40%
Tumor metastasis time 0.008*
Synchronous 63 41.70% 4 14.80%
Metachronous 88 58.30% 23 85.20%
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Table 1 (continued)

Variable LCRC RCC p value
N=151 84.80% N=27 15.20%

Site of BM 0.152

Spine 53 35.10% 7 25.90%
Pelvis 43 28.50% 6 22.20%
Rib 13 8.60% 2 7.40%

Long bone 18 11.90% 2 7.40%
Others 24 15.90% 10 37.00%

Bone involvement 0.143
Multiple 82 54.30% 19 70.40%

Solitary 69 45.70% 8 29.60%

Primary tumor resection 0.037*
No 47 31.10% 3 11.10%

Yes 104 68.90% 24 88.90%

Systemic treatment after BM diagnosis 0.836
Chemotherapy alone 87 57.60% 15 55.60%
Chemotherapy plus targeted therapy 64 42.40% 12 44.40%

Radiotherapy for BM 0.369
No 102 67.50% 21 77.80%

Yes 49 32.50% 6 22.20%

Bisphosphonates for BM 0.401
No 92 60.90% 14 13
Yes 59 39.10% 51.90% 48.10%

Metastasectomy for BM 0.391
No 149 98.70% 26 96.30%

Yes 2 1.30% 1 3.70%

*p <0.05, ** p < 0.01

0.007, p=0.002) and site of BM (p=0.001) were independent
prognostic factors for RCC in BM patients (Fig. 2).

Sensitivity analysis

Prognostic models constructed for 1124 patients in the SEER
database showed that pathological type of tumor, T stage, N
stage, CEA levels, extra-osseous metastases, liver metastasis,
lung metastasis, brain metastasis, primary tumor resection,
chemotherapy, radiotherapy, and PTS were independent prog-
nostic factors for CRC patients with BM (Fig. 3). The results
of the prognostic models (Model 2, Model 3) that included dif-
ferent variables all indicated that PTS and N stage were inde-
pendent prognostic factors for CRC patients with BM (Fig. 4).

Discussion

This retrospectively analysis found that primary tumor sid-
edness, N stage, and site of BM were an independent prog-
nostic factor for CRC with BM. The 5-year OS of LCRC

with BM was 21%, while the 5-year OS in the RCC with BM
was 7.2% (p =0.024). The categorization of left-sided CRC
and right-sided colon cancer using the layering method may
represent the optimal strategy (p =0.024) (Fig. 1).

There is still no consensus on the prognostic factors of
CRC patients with BM. Most studies have shown that the
potential risk factors affecting the prognosis of CRC with
BM include osteolytic lesions, more than one bone lesion,
rib metastasis, CEA elevation, and lung metastasis at BM
[5], which is consistent with our study.

Since most of the BM cases are accompanied by metas-
tases to other organs, it suggests that CRC generally may
not metastasize to the bone first [10]. Before BM, the most
common sites of CRC are the liver, lung, and peritoneum
[11]. LCRC is more likely to metastasize to the lungs and
liver, whereas RCC metastases to the peritoneum are more
common [12]. Studies have shown that CRC with perito-
neal metastasis may have a worse prognosis [13]. Thus,
patients with LCRC may have a higher risk of BM, while
RCC patients with BM may be associated with a worse
prognosis. In addition, in our study, there was a higher
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Fig. 1 Kaplan—Meier curves of PTL according to overall CSS. A Rectal cancer, left-sided colon cancer, and right-sided colon cancer; B colorec-

tal and colon cancers; C left-sided CRC and right-sided colon cancer

proportion of synchronous BM (85.3% vs. 58.2%) in RCC,
while metachronous BM had a higher prevalence in LCRC
(41.7% vs. 14.8%). Previous studies have shown that patients
with synchronous BM have a poorer prognosis than patients
with metachronous BM [14]. Therefore, this difference may
also lead to a poor prognosis in RCC patients with BM.
BM in CRC involves many molecular markers, which
may influence the occurrence and development of CRC
with BM [15] or predict the occurrence of BM [17]. In this
study, CEA and CA19-9 levels were prognostic factors in
LCRC patients with BM, and patients with positive levels
had shorter OS, which was consistent with previous studies
[18]. In addition, several studies have reported that positive
ALP level is an independent risk factor for BM in many
tumors [20], such as CRC, bladder cancer, and lung cancer,
and is associated with poor clinical outcomes [22]. In our
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study, the univariate analysis demonstrated that ALP was a
prognostic factor for LCRC with BM, and positive ALP level
patients had significantly shorter OS compared to negative
patients (9 vs. 22 months). Therefore, attention should be
paid to the changes in the above serological indicators in
CRC patients, especially in rectal cancer patients with BM.

Regional lymph node metastasis is the primary route
of CRC metastasis, which is closely related to liver, lung,
and other distant metastasis [24]. The N stage can predict
the occurrence of BM. Furthermore, the N stage was the
most significant independent prognostic factor in LCRC
patients with BM according to multivariate analysis. Among
LCRC and RCC patients, the median survival time of NO
stage patients was higher than that of N1-2 stage patients
(Fig. 3A). Therefore, CRC patients with advanced patho-
logical stage and lymph node metastasis should be carefully
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Table 2 The Kaplan—Meier analysis in patients of CRC, LCRC, and RCC with BM
Variable CRC LCRC RCC
Median OS  95%CI p value Median OS 95%CI p value Median OS 95%CI p value
Age at BM diagnosis, years 0.052 0.148 0.184
<60 15 5.75-24.2 15 3.0-27.0 15 10.6-19.3
>60 12 5.60-18.3 15 10.1-19.9 5 2.2-7.8
Gender 0.233 0.013*
Male 13 9.5-16.5 15 8.8-21.1 0.58 5 0.5-9.5
Female 15 9.6-20.4 15 10.4-19.6 16 0-41.2
Pathological type of tumor 0.956 0.912 0.347
Adenocarcinoma 15 11.2-18.8 15 11.1-18.9 5 2.6-7.4
Mucous adenocarcinoma 13 5.0-21.0 9 0-18.7 14 1.7-26.2
Signet-ring cell carcinoma 13 2.6-234 13 6.0-19.9 47 N/A
AJCC TNM stage at initial diagnosis 0.002%* 0.002%* 0.419
I-1I 41 24.9-57.1 50 20.9-79.1 11 0-24.8
I 11 5.8-16.2 11 4.8-17.2 5 2.4-7.6
v 12 7.6-16.5 12 6.8-17.1 2 0-6.8
T stage 0.652 0.665 0.983
12 12 5.3-18.7 12 2.5-21.5 13 N/A
3 14 9.5-18.5 15 10.9-19.0 1.2-8.6
4 13 7.0-19.0 16 0-44.6 0-13.2
N stage 0.000* 0.000* 0.212
0 47 28.3-65.7 63 39.8-86.2 11 0-26.4
12 9 5.8-12.3 10 6.5-13.5 2 2.7-1.3
M stage 0.494 0.545 0.236
0 15 11.0-19.0 16 10.2-21.8 11 0.7-21.2
1 12 7.6-16.4 12 6.8-17.2 2 0-6.8
ALP levels 0.002* 0.001* 0.209
Negative 17 9.2-24.8 22 7.7-36.3 3 1.74.3
Positive 9 4.3-13.7 9 4.5-13.5 6 0-20.3
CEA levels 0.001* 0.004* 0.265
Negative 48 20.5-75.5 48 22.3-73.7 N/A
Positive 12 8.4-15.6 12 7.8-16.2 0-13.1
CA19-9 levels 0.016* 0.019* 0.777
Negative 17 8.9-25.2 22 4.8-39.2 5 1.5-8.5
Positive 11 5.3-16.7 11 3.7-17.3 11 1.1-20.9
Extra-osseous metastases 0.009* 0.06 0.045*
No 22 8.6-354 22 6.6-37.4 22 N/A
Yes 11 7.4-14.6 13 9.0-16.9 5 2.0-7.9
Liver metastasis 0.138 0.155 0.755
No 15 11.4-18.6 16 12.6-19.4 3 0.5-5.5
Yes 11 7.4-14.6 11 6.4-15.6 13 8.4-17.6
Lung metastasis 0.005%* 0.016%* 0.212
No 17 9.7-24.3 17 9.5-24.5 6 0-16.2
Yes 12 6.7-17.3 12 6.5-17.5 5 0-20.4
Tumor metastasis time 0.794 0.746 0.728
Metachronous 14 7.4-20.6 13 5.6-204 14 0-28.4
Synchronous 14 10.8-17.2 15 11.2-18.8 5 0.7-9.3
Site of BM 0.000* 0.001* 0.036*
Spine 16 5.4-26.5 23 4.7-41.3 3 1.94.1
Pelvis 27 8.3-45.7 32 9.9-54.0 22 9.5-34.5
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Table 2 (continued)

Variable CRC

LCRC RCC

Median OS 95%CI p value

Median OS 95%CI p value Median OS 95%CI p value

Rib 13 3.9-22.0
Long bone 4 1.4-6.6
Others 6 0-13.9
Bone involvement 0*
Multiple 7 2.7-11.3
Solitary 30 1.9-58.1
Systemic treatment after BM diagnosis 0.981
Chemotherapy alone 13 7.6-18.4
Chemotherapy plus targeted therapy 14 10.5-17.5
Primary tumor resection 0.228
No 10 5.0-14.0
Yes 15 11.8-18.1
Radiotherapy for BM 0.276
No 14 9.8-18.2
Yes 13 8.5-17.4
Bisphosphonates for BM 0.84
No 13 8.1-17.9
Yes 14 10.1-17.9
Metastasectomy for BM 0.409
No 13 9.8-16.2
Yes 47 N/A
PTL1 0.072
Rectal 15 10.8-19.2
Left-sided colon 15 11.3-18.7
Right-sided colon 6 0-13.4
PTL2 0.076
Rectal 13 4.1-21.9
Colon 15 10.8-19.2
PTS 0.024*
LCRC 15 11.5-18.5
RCC 6 0-13.4

16 3.8-28.2 5 N/A
4 1.6-6.4 1 N/A
6 0-15.2 6 0-15.8
0% 0.132
7 2.1-11.9 5 1.3-8.7
34 4.5-63.5 13 0.1-25.9
15 0.741 0.573
12 9.2-20.8 11 0-25.8
11.5-20.5 5 2.6-74
15 0.091 0.651
50 5.1-14.9 5 N/A
13.2-18.8 6 0-14.9
0.114 0.34
5.3-28.7 5 2.4-17.6
3.1-20.9 16 5.2-26.8
0.401 0.041*
10.4-19.6 3 0-8
7.4-16.6 14 0-36.1
0.51 0.333
11.5-18.5 5 0-12.2
N/A 47 N/A
15
16
10
16
17
12

*p <0.05, * p <0.01

followed up. CRC usually metastasizes to the liver or lung
before bone, but compared with liver metastasis, lung metas-
tasis to bone occurs within a shorter time span, and it can
better predict the progression of CRC to bone [10]. Moreo-
ver, studies have found that patients with CRC have a poor
prognosis after lung metastasis [25]. Lung metastasis was
an independent prognostic factor in LCRC patients with
BM and not for RCC. Among them, patients without lung
metastasis had a better prognosis (MST: 17 vs. 12 months)
(Fig. 3B). These findings suggest that LCRC BM via the
pulmonary route may lead to poor prognosis. The mode of
metastasis may be different, and RCC may spread to the
liver via portal circulation, and from there to the lungs. RC
metastases directly to the lungs via the rectal venous plexus
and Batson venous plexus communicating with it via the
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inferior vena cava [24]. Therefore, the occurrence of lung
metastasis in RCC patients may be related to liver metasta-
sis and other factors, which jointly affect the prognosis of
patients. The site and number of BM can affect the outcomes
of CRC patients with BM [28]. Our study shows that the site
of BM is an independent prognostic factor in both LCRC and
RCC. Compared with the pelvis, the OS for CRC metastasis
to the spine and ribs was shorter (Fig. 3C). In addition, bone
involvement was a prognostic factor for LCRC patients with
BM. Univariate analysis of LCRC and RCC patients showed
significantly lower OS in multiple BM compared to solitary
BM, which is consistent with previous research [4]. There-
fore, systematic imaging examination is useful in assessing
the prognosis of BM in patients with CRC with risk factors.
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Variables Ref/HR(96%Cl) P

CRC LCRC RCC CRC LCRC RCC
Gender(Famale vs.Male ) 0.917(0.57-1.475) 0.72

-
AJCC TNM stage 0.084 0.178
I 1 1
" ] 0.321(0.115-0.892) 0.23(0.047-1.139) 0.029 0.072
W - 0.357(0.139-0.919) 0.24(0.053-1.088) 0.033 0.064
N stage(NO vs. N1-2) " 6.693(2.621-17.089) 10.25(2.278-46.15) <0.001 0.002
ALP levels (negative vs.positive ) L o 1.246(0.839-1.85) 1.368(0.881-2.125) 0.277 0.163
CEA levels (negative vs.positive ) e = 1.81(0.886-3.7) 1.605(0.76-3.392) 0.104 0215
CA19-9 levels (negative vs.positive ) * 0.82(0.525-1.281) 0.917(0.57-1.475) 0.383 072
Extra-osseous metastases(no vs. yes) ) 1.225(0.723-2.074) 1.858(0.372-9.283) 0.451 0451
N I
Lung metastasis (no vs. yes) Lo 1.34(0.852-2.106) 1.529(1.003-2.333) 0.205 0.049
Site of BM 0.026 0.047 0.01
Spine 1 1 1 1
Pelvis o 8 0.695(0.412-1.17) 0.803(0.46-1.4) 0.028(0.003-0.219) 0171 0.439 0.001
-
Rib PE——— = 1.033(0.476-2.245) 1.235(0.536-2.85) 0.042(0.005-0.382) 0.934 0.62 0.005
Lorg b . . 2.447(1.236-4.845) 2.636(1.269-5.479) 0.044(0.004-0.537) 0.01 0.009 0.014
Oftiers _.;‘_ 1.097(0.607-1.982) 1.31(0.673-2.551) 0.392(0.101-1.528) 0.759 0.426 0477
Bone involvement (Multiple vs. Solitary ) 3 0.754(0.477-1.192) 0.817(0.505-1.323) 0.227 0.412
PTS (LCRC vs. RCC) m cre L] 1.872(1.085-3.231) 0.024
e

Bisphosphonates therpy (no vs. yes) & R 0.078(0.015-0.407) 0.002

Fig. 2 Forest plots for overall survival of CRC, LCRC, and RCC patients with BM according to multivariable COX proportional hazard model

Bisphosphonate therapy can inhibit the activity of osteo-
clasts and reduce bone resorption, thus effectively preventing
the occurrence of SREs and improving the quality of life and
survival rate of patients [30]. Our findings showed that bis-
phosphonate therapy had a positive impact on the prognosis
and could significantly improve the OS of RCC patients with
BM (Fig. 3D). This implies that LCRC and RCC patients
with BM might exhibit varying levels of sensitivity to bis-
phosphonates, and RCC with BM patients were more sen-
sitive to bisphosphonates [31]. In addition, possibly due to
the greater number of multiple BM in RCC compared with
LCRC (70.4% vs. 54.3%), the clinical benefit and prognosis of
patients treated with bisphosphonate are more obvious.

Compared with mucinous adenocarcinoma, the prognosis
of adenocarcinoma is significantly better, and the incidence
of adenocarcinoma in the LCRC group is significantly higher
than that in the RCC group (77.5% vs. 55.6%), which may
lead to a better prognosis for LCRC with BM. In addition,
due to the different incidence rates, the incidence of LCRC is
higher, so there are more patients in the LCRC group, which
may lead to bias. Due to the small amount of data included

in this retrospective study, bias matching analysis was not
performed to reduce bias, but sensitivity analysis was used
to further determine the robustness of the conclusions. The
results showed that the main results obtained from the data
in this paper were almost consistent with the conclusions
obtained from the large sample SEER database, which fully
demonstrated the robustness of the results.

It is noteworthy that in order to assess the possible impact
of risk factors on the prognosis of CRC patients with BM in
different populations, we included a subset of such patients
from the SEER database for analysis. In addition, to address
the possible effects of treatments and pathological factors
on the prognosis of CRC patients with BM, we adjusted the
independent variables based on the original model and con-
structed multiple prognostic models for analysis. The results
showed that N stage and PTS were potential risk factors for
the prognosis of CRC patients with BM. And the prognosis
of NO stage CRC with BM is better, while the prognosis of
right-sided colon cancer is poor. Our study had several limi-
tations. First, this was a single-center retrospective study,
which could involve selection bias. Second, the incidence of
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Variables Ref/HR(96%Cl) P

CRC LCRC RCC CRC LCRC RCC
Pathological type of tumor <0.001 0
Adenocarcinoma 1 1
Mucinous adenocarcinoma !.— 1.219(0.947-1.569) 1.572(1.101-2.243) 0.124 0.013
Signet-ring cell carcinoma LS. 1.926(1.377-2.693) 2.73(1.744-4.274) <0.001 o
T stage 0.007 0.054
T 1 1
T2 —— 0.862(0.595-1.25) 0.841(0.536-1.32) 0.434 0.452
T3 L = 0.709(0.582-0.863) 0.749(0.597-0.94) 0.001 0.013
T4 5— 0.776(0.639-0.944) 0.917(0.731-1.149) 0.011 0.449
N stage <0.001 <0.001
No 1 1
N1 - 1.338(1.136-1.576) 1.618(1.194-2.194) <0.001 0.002

-
N2 -+ 1.763(1.465-2.121) 2.463(1.791-3.385) <0.001 <0.001
CEA levels(negative vs. positive) _.—_t 1.62(1.315-1.995) 1.744(1.324-2.297) 1.409(1.028-1.933) <0.001 0 0.033
Extra-osseous metastases —f—. 1.004(0.751-1.343) 0.893(0.615-1.295) 1.38(0.869-2.191) 0.978 0.55 0.173
Liver metastasis(no vs. yes) +$— 1.304(1.034-1.645) 1.472(1.088-1.991) 0.854(0.586-1.243) 0.025 0.012 0.409
Lung metastasis(no vs. yes) _.-!— 1.283(1.1-1.495) 1.375(1.134-1.666) 1.08(0.836-1.395) 0.001 0.001 0.557
Brain metastasis - 1.225(0.897-1.671) 0.202
Chemotherapy(no vs. yes) '_._ - 0.269(0.23-0.315) 0.221(0.182-0.269) 0.354(0.277-0.452) <0.001 0.129 <0.001
Radiation therapy(no vs. yes) - | 0.956(0.829-1.103) 0.599(0.498-0.721) 0.538 0
Primary tumor resection(no vs. yes) . 0.567(0.473-0.656) 0.599(0.498-0.721) 0.431(0.323-0.576) <0.001 0 <0.001
@ LCRC
PTS(LCRC vs. RCC) RO = 1.214(1.05-1.405) 0.009
0.2 0507 1 152 5

Fig.3 Forest plots for overall survival of CRC, LCRC, and RCC patients in SEER database with BM according to multivariable COX propor-

tional hazard model

BM in CRC patients has been underestimated because only
treated patients were included in our study. Third, moderate
sample size and non-randomized design limit conclusions
about efficient clinical management. Therefore, it is neces-
sary to conduct further large sample, multivariable rand-
omized prospective studies.

Model(PTS) Ref/HR(95%Cl) P

Model0 n 1.851(1.072-3.195)  0.027
Model1 ] 1.214(1.05-1.405)  0.009
Model2.1 ] 2.202(1.153-4.205)  0.017
Model2.2 | 2.138(1.194-3.827)  0.011
Model2.3 | 1.935(1.091-3.433)  0.024

Fig.4 Forest plot of the effect of PTS on overall survival in CRC
patients with BM according to different prognostic models

@ Springer

Conclusions

In this study, we compared the clinical and pathologi-
cal features, treatment options, and outcomes of patients
with LCRC and RCC with bone metastases. We found that
RCC patients with BM had a poorer prognosis than LCRC
patients. In addition, CRC patients with different sites of
BM have different outcomes. These results may help doc-
tors make timely clinical decisions and effective treatment
strategies.
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