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Computed tomography-measured bone mineral density as a
surrogate marker of survival after resection of colorectal liver
metastases
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Background: Osteopenia/osteoporosis, characterized by low bone mineral density (BMD), is a potential
prognostic factor in cancer patients. We conducted a retrospective single-institution study to evaluate the
prognostic impact of preoperative low BMD on colorectal liver metastases (CRLM) in patients undergoing
liver resection.

Methods: BMD was assessed in 281 patients undergoing initial liver resection for CRLM by analyzing the
preoperative computed tomography (CT) images at the level of the eleventh thoracic vertebra as the region
of interest. Survival outcomes were compared between the two groups divided by the median BMD value
and prognostic factors after surgery were assessed. Propensity score-based inverse probability weighting
(IPW) was applied to adjust for between-group differences in baseline characteristics.

Results: The low BMD group had significantly more older patients (>75 years) (P=0.01) and a higher
incidence of bilobar metastases (P=0.005) than the normal BMD group. After IPW adjustment, overall
survival (OS) was significantly poorer (P=0.02) and recurrence-free survival was slightly poorer (P=0.05) in
the low BMD group than in the normal BMD group. IPW-adjusted regression analysis revealed that low
BMD was independently associated with an adverse OS (hazard ratio, 1.42; 95% CI, 1.04-1.93; P=0.03), in
addition to other factors such as tumor number, extrahepatic disease, preoperative carcinoembryonic antigen
level (=5 ng/mL), and right-sided primary tumor location.

Conclusions: Preoperative CT-measured low BMD can serve as a surrogate marker of adverse OS in
CRLM patients undergoing liver resection. Prevention and early intervention for osteopenia/osteoporosis

may be suggested for these patients.
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Introduction death worldwide (1). About 25% of CRC patients present

with distant metastases at diagnosis, and approximately half
Colorectal cancer (CRC) is one of the most common human of patients will develop liver metastases at some point in
malignancies, being the second leading cause of cancer their course of disease (2). Over the past several decades,
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considerable progress has been made in the management
of metastatic CRC leading to a significant improvement
in S-year survival. Some of this success has been rightly
attributed to aggressive surgical management and advances
in other adjunct treatments (3). Treatment options for
colorectal liver metastasis (CRLM) include liver resection,
coagulation therapy, hepatic arterial infusion chemotherapy,
and systemic chemotherapy. Of these, liver resection
provides the best chance of cure, with 5-year survival rates
of 30-50% depending upon selection criteria (4,5). Even
patients with initially unresectable CRLM can sometimes
be cured with multidisciplinary treatment, including staged
liver resection, systemic chemotherapy, and targeted
therapy (6).

Although the tumor burden, such as tumor size, number,
and extrahepatic involvement, is an important determinant
of CRLM outcome, patient-level factors may have a
significant impact on the prognosis. There is growing
evidence that depletion of skeletal muscle mass (sarcopenia)
and an increased amount of intra-abdominal fat (central
obesity) are associated with the poor outcomes of cancer
patients (7-11). Previous studies identified sarcopenia and
central obesity as factors adversely influencing survival
following resection of CRLM, although there is no
consensus in the literature (9-11).

Decreased bone mineral density (BMD) is another
important survivorship issue in cancer care, rendering
patients at risk for osteoporosis and consequent fractures
that can compromise the quality of life and longevity (12).
Skeletal complications in cancer patients primarily develop
due to bone metastases, but other cancer-related factors as
well as aging can cause disturbances in bone remodeling
and resultant bone loss (13,14). However, except for cancers
that frequently require antihormonal therapies, such as
breast cancer and prostate cancer, limited studies have
explored the implications of bone loss on outcomes of
cancer patients. Previous studies suggested that a low BMD
is associated with poorer outcomes after surgical resection
among patients with hepatocellular carcinoma (HCC) and
extrahepatic biliary cancers (15,16). In addition, low BMD
was predictive of mortality in HCC patients undergoing
liver transplantation (17).

Our hypothesis was that a preoperative low BMD will
negatively affect long-term outcomes after liver resection
for CRLM. Thus, the present study examined the impact of
BMD, which was estimated using preoperative computed
tomography (CT), on survival among resected CRLM
patients. We present the following article in accordance
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with the STROBE reporting checklist (available at http://
dx.doi.org/10.21037/atm-20-3751).

Methods
Patients, data collection and ethics statement

Using the prospectively maintained database, we
retrospectively enrolled 310 consecutive patients with
histopathologically proven CRLM who underwent initial
liver resection at our institution between February 28,
2002 and December 31, 2018. Patients with extrahepatic
metastases at the time of liver resection, or those treated by
liver resection and concomitant ablation were also included.
Exclusion criteria included missing important data (e.g.,
serum levels of tumor markers, size and spread of CRLM),
absence of primary tumor resection, and patients without
abdominal or chest CT images taken within 3 months
before surgery. In addition to the CT measured BMD
described below, medical records were reviewed for patient
demographics, tumor characteristics, treatment variables,
and survival outcomes. The serum tumor marker levels were
measured within one month before liver resection using
the chemiluminescent enzyme immunoassay kit (Fujirebio,
Tokyo, Japan) for carcinoembryonic antigen (CEA) and
carbohydrate antigen 19-9. The median follow-up time was
estimated using the reverse Kaplan-Meier method. Overall
survival (OS) was defined from the date of liver resection to
that of death or last contact with the patient (censored). For
patients who had no evidence of disease following surgery,
recurrence-free survival (RFS) was calculated from the date
of liver resection to that of first recurrence at any site. The
RFS data was censored for patients alive without tumor
recurrence at the last date of follow-up or dead without
evidence of tumor recurrence. This study was approved
by the institutional ethics committee of Meiwa Hospital
(approval No.: 2020-23) for a retrospective analysis of the
collected data in accordance with the ethical standards of
the World Medical Association’s Declaration of Helsinki (as
revised in 2013). Individual consent for this retrospective
analysis was waived.

Bone mineral density quantification from CT

CT examinations were performed using a multidetector-
row scanner (Brilliance-iCT, Philips Medical Systems,
Cleveland OH) with scan parameters of 120 kVp/200 mAs,
128x0.625-mm slice collimation, and 512x512 pixels. As
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Figure 1 Computed tomography attenuation of the eleventh thoracic vertebrae (T'11) was determined by placing a region of interest (dash

circle) in the central part of the vertebral body.

previous studies demonstrated a reliable correlation between
CT-measured Hounsfield units (HU) and the dual-energy
X-ray absorptiometry (DXA)-measured BMD (18-21),
axial plain CT images were analyzed using a picture
archiving and communication system (ShadeQuest/ViewR
V1.22.81, Yokogawa Medical Solutions, Tokyo) for BMD
estimation, i.e., CT attenuation values (HU) of the eleventh
thoracic vertebrae were measured by placing a circular
region of interest on the central part of the vertebral body,
as reported previously (17-21). This anatomic landmark
was selected because it had the highest likelihood of being
available on all abdominal and chest CT images taken in
routine practice. The most central section of the vertebra
was selected by inspecting the sagittal reformats (Figure I).
We used the median HU as a cutoff to distinguish between
normal and low BMD patient groups due to the absence of
a widely accepted threshold value for diagnosing osteopenia
Or 0steoporosis.

Statistical analysis

For between-group comparisons, either the chi-square
test or Fisher’s exact test was used for categorical variables.
To adjust for anticipated baseline characteristics, the
two groups (normal BMD vs. low BMD) were balanced
by propensity score-based inverse probability weighing
(IPW). The propensity score was calculated for each
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patient using a logistic regression model that included the
baseline characteristics. Covariate balance after the IPW
was assessed by computing their standardized differences
and groups were considered balanced if the standardized
differences of all covariates were <0.1. IPW-adjusted
Kaplan-Meier curves were calculated to compare OS
and RFS between patients with a low BMD and those
with a normal BMD. Differences were compared using
the weighted log rank test. IPW-adjusted Cox regression
analyses were performed to identify independent predictors
of OS and RFS, and for subgroup analysis. All statistical
analyses were performed using R 3.6.1 software (Foundation
for Statistical Computing, Vienna, Austria) and P<0.05 was
considered significant.

Results
Baseline clinical characteristics

After excluding 29 patients who met the exclusion criteria,
281 patients were finally analyzed. The patients consisted
of 162 males and 119 females with a median age of
66 years (range, 35-88 years). The median value of BMD
was 141 HU (range, 22-345 HU). One hundred and thirty-
eight patients had a normal BMD (BMD >141 HU) and
143 patients had a low BMD (BMD <141 HU). The

baseline characteristics compared between the normal and
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Table 1 Baseline patient characteristics
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All patients (n=281), n

(%)

Adjusted by IPW, %

Characteristic

Low BMD Normal BMD

(n=143) (n=138) SD Low BMD Normal BMD P SD

Age =75 years 36 (25.2) 18 (13.0) 0.01 0.312 19.1 18.6 0.93 0.012
Gender male 80 (55.9) 82 (59.4) 0.56 0.070 57.3 58.4 0.86 0.023
ASA-PS 0.29 0.189 0.84 0.077

1 5(3.5) 8 (5.8) 4.6 5.4

2 53 (37.1) 60 (43.5) 39.0 41.9

3 85 (59.4) 70 (50.7) 56.4 52.7
BMI =25 kg/m® 16 (11.1) 21 (15.2) 0.32 0.119 10.9 13.4 0.53 0.075
Synchronous metastases 84 (58.7) 81 (58.7) 0.99 0.001 58.2 58.4 0.98 0.003
Largest tumor size =5 cm 17 (11.9) 18 (13.0) 0.77 0.035 12.0 12.4 0.92 0.012
Tumor number 0.31 0.184 0.98 0.025

1 46 (32.2) 56 (40.6) 34.8 35.8

2-3 44 (30.8) 40 (29.0) 30.6 29.6

>4 53 (37.1) 42 (30.4) 34.6 34.6
Bilobar distribution 80 (55.9) 54 (39.1) 0.005 0.342 49.0 48.7 0.95 0.008
Extrahepatic disease 35 (24.5) 29 (21.0) 0.49 0.083 23.3 22.7 0.90 0.015
CEA =5 ng/mL 105 (73.4) 87 (63.0) 0.06 0.224 68.8 68.6 0.98 0.004
CA19-9 =37 U/mL 52 (36.4) 56 (40.6) 0.47 0.087 38.2 39.0 0.90 0.016
Major liver resection 43 (30.1) 39 (28.3) 0.74 0.040 30.0 27.3 0.64 0.058
Concomitant ablation 20 (14.0) 18 (13.0) 0.82 0.028 13.7 15.0 0.77 0.038
Local RO resection 94 (76.4) 95 (79.2) 0.61 0.066 77.0 771 1.00 <0.001
Preoperative chemotherapy 89 (62.2) 79 (57.2) 0.40 0.102 63.1 60.9 0.72 0.045
Postoperative chemotherapy 64 (44.8) 58 (42.0) 0.65 0.055 42.9 40.7 0.72 0.044
Primary tumor location (right) 34 (23.8) 29 (21.0) 0.58 0.066 23.7 23.2 0.93 0.011
Primary tumor T3-4 127 (88.8) 121 (87.7) 0.77 0.035 88.8 89.0 0.94 0.009
Primary tumor node-positive 102 (71.3) 88 (63.8) 0.20 0.153 70.5 67.8 0.70 0.058

IPW, inverse probability weighing; BMD, bone mineral density; SD, standardized difference; ASA-PS, American Society of Anesthesiologists
physical status; BMI, body mass index; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9.

low BMD groups are shown in Zible 1. The low BMD group
had significantly older (>75 years) patients and those with
bilobar metastases than the normal BMD group. Moreover,
the low BMD group had a slightly higher CEA level
(=5 ng/mL) than the normal BMD group, but this was not
significant. After application of IPW, the characteristics of
interest were well balanced with a standard difference of less
than 0.1.

© Annals of Translational Medicine. All rights reserved.

Kaplan-Meier survival analysis, and univariate and

multivariate Cox analyses

The median follow-up in the weighted population
was 64.6 months [95% confidence interval (CI): 60.4—
66.8 months]. Based on IPW-adjusted Kaplan-Meier
curves (Figure 2), the median OS was significantly shorter

in the low BMD group than in the normal BMD group
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Figure 2 Inverse probability weighting-adjusted Kaplan-Meier analysis

versus normal BMD groups. BMD, bone mineral density.

[36.7 (95% CI: 33.8-46.7) vs. 51.7 (95% CI: 42.1-65.0)
months; P=0.02]. The multivariate adjusted Cox model
demonstrated a low BMD to be independently associated
with an adverse OS [hazard ratio (HR), 1.42 (95% CI: 1.04—
1.93); P=0.03], in addition to other factors listed in Table 2.
When 77 patients with local R2 resection (n=18) and/or
extrahepatic disease at hepatectomy (n=64) were excluded,
the median RFS in the low BMD group (n=101) was slightly
shorter than that in the normal BMD group (n=103) [13.4
(95% CI: 10.1-17.1) vs. 17.0 (95% CI: 11.0-18.9) months],
but the difference was of borderline significance (P=0.05)
(Figure 2). Lower BMD lost significance as a predictor of
RFS in multivariate analysis [HR, 1.26 (95% CI: 0.95-1.67);
P=0.11] (able 2). The subgroup analysis stratified by age,
gender, and American Society of Anesthesiologists physical
status was performed using adjusted Cox model to further
explore the association between BMD and OS. As shown
in Figure 3, low BMD tended to be consistently associated
with worse OS, although not all met statistical significance.

Discussion

Osteopenia or osteoporosis with advancing age is a major
public health challenge worldwide. In Western countries,
the lifetime risk of osteoporotic fracture remains high,
within the range of 40-50% for women and 13-22% for
men (22). DXA is currently the standard for assessing
BMD, and is correlated with fracture risk and treatment
efficacy (23). We instead calculated vertebral body CT HU
values using routinely obtained images in preoperative
evaluations, as findings of multiple studies have suggested
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of overall survival (A) and recurrence-free survival (B) for the low

that this method can provide surrogate information on
BMD without the need for additional costs or radiation
exposure (18-21). A strong correlation between CT HU
values and DXA T-scores, which is used by the World
Health Organization criteria for diagnosis of osteopenia/
osteoporosis, was previously reported (20,21). In an
analysis of 109 patients who underwent both DXA and
CT for unrelated reasons, Li et al. reported that mean
vertebral CT HU values were 230 (95% CI: 203-254)
for the normal subgroup, 135 (95% CI: 122-148) for the
osteopenia subgroup, and 97 (95% CI: 88-105) for the
osteoporotic subgroup (19). In a study with a large (n=2,020)
heterogeneous population of otherwise healthy trauma
patients, Patel er /. found that the radiologist-modified
lumbar vertebral body HU corresponding to osteopenia was
139.4+48.8 (20), which was relatively close to the threshold
of 141 we used to distinguish patients with and without
osteopenia/osteoporosis in this study.

To our knowledge, this is the first study to propose the
novel association between CT-measured BMD and adverse
OS among CRLM patients undergoing liver resection. One
possible explanation for our results is that a preoperative
low BMD somewhat reflects a high tumor burden. Loss
of extracellular calcium-sensing receptor expression is
strongly linked to CRC progression and parathyroid
hormone (PTH)-induced bone loss (24,25). Although
uncommon, increased resorption and accelerated turnover
of bone mediated by the systemic secretion of PTH-related
protein should be considered in patients with metastatic
CRC presenting with hypercalcemia (26). In addition,
sarcopenia, which is partly explained by metabolic demands
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Table 2 IPW-adjusted univariate and multivariate analyses of prognostic factors
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Overall survival

Recurrence-free survival

Variable Subgroups Univariate Multivariate Univariate Multivariate
P HR (95% Cl) P P HR (95% Cl) P
Age, years <75
>75 0.09 0.51
Gender Female
Male 0.30 0.54
BMI, kg/m? <25
>25 0.58 0.38
BMD, HU >141 1 1
<141 0.02 1.42 (1.04-1.93) 0.03 0.05 1.26 (0.95-1.67) 0.11
Timing of liver Metachronous 1
metastases Synchronous 0.54 0.01 1.42 (1.04-1.94) 0.03
Tumor size, cm <5 1 1
5 <0.001 1.45 (0.90-2.34) 0.13 0.006 2.56 (1.47-4.48) 0.001
Tumor number 1 1 1
2-3 0.01 1.63 (1.04-2.55) 0.03 0.002 1.41 (0.97-2.06) 0.08
>4 <0.001 2.53 (1.50-4.30) <0.001 <0.001 1.77 (1.13-2.76) 0.01
Distribution Unilobar 1 1
Bilobar <0.001 0.86 (0.56-1.31) 0.48 <0.001 1.00 (0.69-1.44) 1.00
Extent of liver Major 1
resection Minor <0.001 0.53 (0.38-0.75) <0.001 0.25
Extrahepatic No 1
disease Yes <0.001 1.72 (1.19-2.50) 0.004
CEA, ng/mL <5 1 1
>5 <0.001 1.94 (1.32-2.84) <0.001 0.02 1.23 (0.92-1.65) 0.17
CA19-9, U/mL <37 1
>37 0.005 0.96 (0.70-1.33) 0.81 0.28
Preoperative No 1
chemotherapy Yes 0.004 1.40 (0.94-2.08) 0.09 0.31
Primary tumor Left 1 1
location Right 0.006 2.47 (1.70-3.59) <0.001 0.002 1.83 (1.30-2.57) <0.001
Primary T T1-T2 1
T3-T4 0.02 0.61 (0.34-1.10) 0.10 0.22
Primary tumor No 1 1
node positive Yes <0.001 1.62 (1.08-2.43) 0.02 0.01 1.39 (1.03-1.88) 0.03

IPW, inverse probability weighing; Cl, confidence interval; BMI, body mass index; BMD, bone mineral density; HU, Hounsfield units; CEA,
carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9.
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Subgroup (%) Adjusted hazard ratio (95% confidence interval) P
Overall — 1.53 (1.09-2.14) 0.02
Age

275 years (18.9) ——s——  1.62(0.70-3.80) 0.27

<75 years (81.1) — 1.53 (1.05-2.22) 0.03
Gender

Male (57.8) —— 1.52 (1.07-2.01) 0.02

Female 42.2) —— 1.48 (0.89-2.46) 0.14
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Figure 3 Forest plot of subgroup analysis for overall survival. ASA-PS, American Society of Anesthesiologists physical status; BMD, bone

mineral density.

from a high tumor burden, also exhibited a significant
association with osteopenia/osteoporosis in previous studies
and can have a negative impact on outcomes concerning
RFS and OS following resection of CRLM (9,27-29). The
regression analyses by Pereira et 4/. demonstrated that
elderly men diagnosed with pre-sarcopenia and sarcopenia
had a more abnormal BMD than non-sarcopenic elderly
men (28). Another study by Lima et 4/. found a dose-
response relationship among sarcopenia stages, BMD,
and the presence of osteoporosis in older women (29).
Recent studies suggest that bone loss begins before the
loss of muscle mass, and thus may be an early marker of
deconditioning that precedes sarcopenia in patients with
end-stage liver disease (17,28).

Cancer chemotherapies further accelerate bone loss
through direct dysregulation of bone turnover and indirect
mechanisms such as nephrotoxicity (14,30,31). Such
therapies include antineoplastic drugs, such as platinum-
derived compounds, alkylating agents, antimetabolites,
glucocorticoids, and targeted therapies. The combination
therapy Folfiri (5-fluorouracil, leucovorin, and irinotecan)
also reduces the bone volume (32). Indeed, in our unweighted
population, the low BMD group had a higher rate of having
aggressive clinicopathologic features than the normal BMD
group, i.e., tumor number, CEA level, extrahepatic disease,
primary tumor nodal status, and preoperative chemotherapy,
although most were not significant.

However, in the present study, a low BMD was an
independent factor for an adverse OS, but of borderline
significance for RFS after covariate adjustment using IPW.
Another possible explanation for our finding is that low
BMD-specific outcomes, particularly frailty fractures,

© Annals of Translational Medicine. All rights reserved.

may have a significant negative impact on physical
activity and functional status, leading to nonadherence
or discontinuation of cancer therapy, or to non-cancer
mortality. Compared with men who had maintained BMD,
those who had accelerated BMD loss had a 44% greater
risk of mortality among 4,400 Osteoporotic Fractures in
Men (MrOS) study participants (33). Approximately 50%
of patients who sustain a hip fracture lose the ability to
walk independently and the reported 1-year mortality after
sustaining a hip fracture has been estimated to be 14% to
58% (34,35). McDonald et 4l. reported in their retrospective
study that age-adjusted CT attenuation of L5 vertebrae was
an independent predictor of non-cancer death in men with
prostate cancer (36). Our finding that BMD is associated
with OS may be related not only to the tumor, but also to
host pathology.

The major limitations of the study are inherent biases
associated with its retrospective design and low power due
to the limited sample size, potentially leading to the loss
of statistical significance in some of results, especially in
subgroup analysis. Another important limitation is that
changes in BMD over time, osteopenia/osteoporosis-
specific outcomes, and their therapies were not assessed in
this study, and their relevance with the survival of patients
remains to be clarified. Third, our study did not evaluate
lifestyles that may affect BMD such as dietary choices,
exogeneous hormone use, smoking, alcohol consumption,
and physical activity.

In summary, CT-measured BMD, which can be easily
obtained from pre-operative routine examinations, can
be a surrogate biomarker for OS in patients with CRLM
undergoing liver resection. Although a further prospective
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large-scale study to validate the study findings is needed,
our results support the importance of prevention and early
intervention for osteopenia/osteoporosis due to aging,
cancer progression, and its therapies in these patients.
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