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Abstract

Background: It would be very helpful to stratify patients and direct patient selection if risk factors for quality of life
were identified in a particular population. Nonetheless, it is still challenging to forecast the health-related quality of
life among individuals with spinal metastases. The goal of this study was to stratify patient’s populations for whom the
assessment of quality of life should be encouraged by developing and validating a nomogram to predict the quality
of life among advanced cancer patients with spine metastases.

Methods: This study prospectively analyzed 208 advanced cancer patients with spine metastases, and collected their
general characteristics, food preferences, addictions, comorbidities, therapeutic strategies, and mental health status.
The functional assessment of cancer therapy-general (FACT-G) and hospital anxiety and depression scale (HADS) were
used to assess quality of life and mental health, respectively. The complete cohort of patients was randomly divided
into two groups: a training set and a validation set. Patients from the training set were conducted to train and develop
a nomogram, while patients in the validation set were performed to internally validate the nomogram. The nomo-
gram contained significant variables discovered using the least absolute shrinkage and selection operator (LASSO)
approach in conjunction with 10-fold cross-validation. The nomogram’s predictive ability was assessed utilizing
discrimination, calibration, and clinical usefulness. Internal validation was also completed using the bootstrap method
after applying 500 iterations of procedures. A web calculator was also developed to promote clinical practice.
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Results: Advance cancer patients with spinal metastases had an extremely low quality of life, as indicated by the
average FACT-G score of just 60.32 £20.41. According to the LASSO and 10-fold cross-validation, Eastern Cooperative
Oncology Group (ECOG) score, having an uncompleted life goal, preference for eating vegetables, chemotherapy,
anxiety status, and depression status were selected as nomogram predictors. In the training set, the area under the
receiver operating characteristic curve (AUROC) was 0.90 (95% Cl: 0.84-0.96), while in the validation set, it was 0.85
(95% Cl: 0.78-0.93). They were 0.50 (95% Cl: 0.41-0.58) and 0.44 (95% Cl: 0.33-0.56), respectively, for the discrimina-
tion slopes. The nomogram had favorable capacity to calibrate and was clinically useful, according to the calibration
curve and decision curve analysis. When compared to patients in the low-risk group, patients in the high-risk group
were above four times more likely to experience a poor quality of life (82.18% vs. 21.50%, P <0.001). In comparison to
patients in the low-risk group, patients in the high-risk group also exhibited significant higher levels of anxiety and
depression. The webpage for the web calculator was https://starshiny.shinyapps.io/DynNomapp-lys/.

Conclusions: This study suggests a nomogram that can be applied as a practical clinical tool to forecast and catego-
rize the quality of life among patients with spine metastases. Additionally, patients with poor quality of life experience
more severe anxiety and depression. Effective interventions should be carried out as soon as possible, especially for

patients in the high-risk group, to improve their quality of life and mental health condition.
Keywords: Spine metastases, Quality of life, Nomogram, Risk factors, Mental health

Background

Cancer is a severe global public health issue. Recent
global cancer statistics estimated that 19.3 million new
cancer cases were diagnosed and almost 10.0 million
cancer deaths occurred in 2020 alone [1]. Even worse,
the burden of cancer is projected to rise to 28.4 million
cases globally by 2040, a 47% increase from 2020, and the
increase could be up to 64 to 95% in transitioning coun-
tries because of demographic changes, exacerbated glo-
balization and economy [1].

Spine metastases are a severe consequence of cancer
patients, and the incidence of spine metastases has sig-
nificantly increased due to growing cancer patients and
prolonged life expectancy among those patients [2]. This
disease is featured by intractable severe back pain, neu-
rological sequelae, and even incontinence and disability,
all of which could have a significant impact on the quality
of life among patients with a limited life expectancy [3].
Thus, maintaining or promoting the patient’s quality of
life to the greatest extent possible is the primary objective
of contemporary treatment for spinal metastases.

However, even though studies have pointed out that
the therapeutic options, like radiotherapies and spinal
procedures, could improve the quality of life for patients
with spine metastases [2], it was difficult to predict the
quality of life in advance, and inappropriate patient’s
selection and interventions could even cause harms to
patients and deteriorate their quality of remaining life.
Fortunately, a number of factors including age [4], gender
[4], sarcopenia [5], financial difficulty scores [6], Eastern
Cooperative Oncology Group (ECOG) scores, the per-
centage weight loss, and modified Glasgow Prognostic
score [7], have been found to be associated with quality of
life. The majority of the aforementioned characteristics,

nonetheless, were studied in general cancer patients,
and there is very little information on risk factors linked
to low quality of life, particularly in the cases of spine
metastases. Recent studies suggested that neurologic
impairments [8] and surgery [9] may have an impact on
the quality of life especially among patients with spine
metastases. It would be very helpful to stratify patients
and direct patient selection if risk factor for quality of
life were identified in a particular demographic. Quality
of life should also be easily accessed to support shared
clinical decision-making for clinicians. Additionally, cli-
nicians would benefit greatly from a prediction model
to assess the quality of life since effective interventions
would be possible for patients.

The study’s goal was to create a nomogram to catego-
rize quality of life in advanced cancer patients with spine
metastases, and to further internally validate the nomo-
gram’s efficacy in making predictions.

Methods

Sample population and study design

Between April 2021 and April 2022, 208 advanced cancer
patients with spine metastases admitted at the Fifth Med-
ical Center of Chinese PLA General Hospital were pro-
spectively examined. The study collected patient’s general
characteristics, food preferences, comorbidities, thera-
peutic strategies, mental health status, and quality of life,
and data from their medical records were cross-checked.
Contradictory data were discussed and confirmed with at
least two doctors. Patient’s mental health and quality of
life were evaluated using questionnaires. When patients
participated in the interview, doctors were always avail-
able to them as a further assurance of the validity of
the data. Patients with spine metastases which were
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confirmed by tissue biopsy and radiography such as mag-
netic resonance imaging (MRI) and/or computer tomog-
raphy (CT) were included in the study. Patients were
excluded, if they (1) were younger than 18 years of age, (2)
were reluctant to participant in the study, (3) had been
diagnosed with psychiatric disorders; (4) had metasta-
ses to the extremities or rib rather than the spine; (5) had
an expected survival of less than 3 months according to
Tomita [10], Takahashi [11], and Lei and Liu [12] scores
[13]; (6) had a ECOG score of 5.

The complete cohort of patients was randomly divided
into two groups: a training set and a validation set.
Patients from the training set were conducted to propose
the nomogram, while patients from the validation set
were performed to internally validation the nomogram.
This study was approved by the Ethics Committee of the
Fourth Medical Center of Chinese PLA General Hospital.
Informed written consent was obtained from all patients,
and all data were analyzed anonymously. This study
abided by the Helsinki Declaration.

Outcome: quality of life

The functional assessment of cancer therapy-general
(FACT-G) [14] was used to assess quality of life. The
FACT-G was widely utilized and verified to assess
the quality of life among cancer patients. This is a self-
reported tool with 27 items and four subscales. The four
subscales include the (1) physical well-being score (7
items), (2) social well-being score (7 items), (3) emotional
well-being score (6 items), and functional well-being
score (7 items). Each item receives a rating on a 0—4 Lik-
ert-type scale. The overall FACT-G scores, which ranged
from 0 to 108, were the sum of the four subscales, and
total scores of each subscale were derived from the sum
of each item in each subscale. A higher FACT-G score
indicates better quality of life. Based on previous studies,
the FACT-G score peaked at 3 months, and were largely
maintained throughout the follow-up period among
patients with spine metastasis [15]. Therefore, 3 months
after being discharged from hospital, patients were asked
to self-report how they actual felt over the previous
2 weeks as part of the FACT-G score collection. In the
study, to further improve the specificity of suffering from
poor quality of life among spine metastases patients, we
defined that a FACT-G score of less than 60, which was
the median of FACT-G scores among the entire patients
in the study, was classified as relatively poor quality of
life.

Collection of risk factors and descriptions

The 25 risk factors that were collected and recorded in
this study comprised their general characteristics, food
preferences, addictions, comorbidities, therapeutic
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strategies, and mental health status. These risk fac-
tors may potentially relate to the low level of quality of
life. Patient’s general characteristics included age, sex,
nationality, marital status, education level, caregivers,
and having an uncompleted life goal. Life style and health
behavior mainly referred to patient’s food preferences
including preference for eating vegetables and eating
roasted food, and patient’s addictions including smoking
and drinking status. Patient’s cancer-related information
included primary cancer type, visceral metastasis, time
since knowing cancer diagnosis, and eastern cooperative
oncology group (ECOG) scores. Patient’s comorbidities
included hypertension, diabetes, and coronary heart dis-
ease. Patient’s therapeutic strategies included surgery for
primary cancer site, surgery for spine metastases, radio-
therapy, chemotherapy, and economic burden due to
cancer treatments. The hospital anxiety and depression
Scale (HADS) was used to assess mental health, includ-
ing anxiety and depression [16, 17]. HADS is a useful and
validated instrument for patients during hospitalization
and hospital outpatients. It consists of two subscales,
one of which measures anxiety and the other of which
measures depression. Each subscale includes 7 items,
and patients were asked to report how they felt on a four-
point (0—3) score over the last 2 weeks. Scores for anxiety
and depression vary from 0 to 21 respectively: a score of
0 to 7 indicates absence of anxiety or depression, 8 to 10
indicates skeptical anxiety or depression, and 11 or above
means presence of an anxiety or depression disorder.
The aforementioned data was collected and verified in
the medical records or through self-reporting. The item
“having an uncompleted life goal” was self-reported by
participants according to their actual status. In the study,
open surgery for patients with spine metastases mainly
consisted of open pedicular screw fixation with or with-
out excision of tumor via a resection of vertebral body
or laminectomy, whereas minimally invasive surgery for
patients with spine metastases mainly included percuta-
neous vertebroplasty and balloon kyphoplasty. Open sur-
gery for primary cancer mainly included thoracotomy for
thoracic cancers and laparotomy for visceral malignant
tumors, while minimally invasive surgery for primary
cancer typically involved laparoscopic and thoracoscopic
surgery.

Nomogram establishment

The nomogram contained significant variables deter-
mined by the least absolute shrinkage and selection oper-
ator (LASSO) combined with ten-fold cross-validation.
Subgroup analysis was conducted among selected vari-
ables. The LASSO method, a penalized regression model,
is capable of selecting variables and discarding confound-
ing variables by minimizing the comparatively irrelevant
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variables’ coefficient to 0. The nomogram did not include
variables with a coefficient of 0. The ten-fold cross-vali-
dation approach was also used to adjust the parameter A
so that relevant variables could be accurately identified.
After relevant variables were identified, and the study
used the multiply logistic regression model [18] to train
and develop the prediction model using the R package
called “rms”. The targets of this training were to construct
the prediction nomogram based on the above LASSO-
selected variables. Next, the prediction model was pre-
sented as the format of nomogram with the R package
of “regplot” In order to encourage clinical application, a
web-based calculator was developed in “shinyapps” using
the R package of “DynNom”.

Nomogram validation

The discriminative capacity of the nomogram was evalu-
ated using the area under the receiver operating char-
acteristic curve (AUROC). A perfect fit is shown by an
AUROC of 1, whereas a random chance is indicated by a
value of 0.5 [19]. Generally, an AUROC of more than 0.7
suggests a useful estimate. Discrimination slope was also
used to evaluate the nomogram [20], and it was the mean
difference of predicted risk probability between patients
with and without a positive event (relatively poor quality
of life).

Calibration curve was plotted using the bootstrap
method after applying 500 iterations of procedures, in
order to assess the calibration ability of the nomogram.
Decision curve analysis was performed to assess the clin-
ical benefits and utility of the nomogram. Decision curve
analysis is widely used to evaluate the clinical benefit of
models [21], and it is plotted with different threshold
probabilities against net benefits. The two references in
the decision curve were treat-for-all and treat-for-none
schedule. The former schedule indicates the highest
clinical costs, and the latter schedule indicates no clinical
benefit. In addition, the study calculated accuracy, sensi-
tivity, specificity, recall index, and Youden index for the
nomogram.

The overall prediction performance was evaluated
using Brier score and Brier,, 4 score. The Brier score is
a quadratic scoring rule, which is defined as the squared
differences between actual binary outcomes Y (negative
events vs. positive events) and predicted probability p are
calculated: (Y-p)? [20]. The Brier score for a prediction
nomogram can range from 0, which indicates a perfect
nomogram, to 1, which denotes an uninformative pre-
diction model with a 50% likelihood of the outcome. Of
note, a Brier score of more than 0.25 is considered as a
worthless nomogram. The maximum Brier,, .4 score in
an uninformative model can be calculated as follows:

Briery .4 =1 — Brier/Briermax, and Briermax=mean
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(p) x (1- mean (p)). Therefore, the range of the Brier, .4
score is 0 to 100.00%. A lower Brier score or Brier, .4
score indicates better overall performance of the
nomogram.

Statistical analysis

Continuous  characteristics ~ were  described as
mean =+ standard deviation, while categorical charac-
teristics were described as proportions. The difference
between two groups was compared using the Chi-square
test for categorical characteristics and the student’s ¢ test
or Wilcoxon two-sample test for continuous characteris-
tics. The predicted risk probability between patients with
poor quality of life (positive events) and patients without
poor quality of life (negative events) in the training and
validation sets was visualized using probability density
curves. The cut-off points were used for the risk stratifi-
cation among the entire patients. The four FACT-G sub-
scales were represented using radar charts, which also
revealed how the training and validation sets, negative
and positive groups, and low-risk and high-risk groups
were distributed. Violin plots were used to visualize the
anxiety and depression scores also between the train-
ing and validation sets, the negative and positive event
groups, and the low-risk and high-risk groups. The R pro-
gramming language software was used to train, develop,
and present the prediction model, and the R program-
ming language software (Version 4.1.2, http://www.r-
project.org/) and the SAS 9.4 software were used to carry
out the statistical analyses. P values lower than 0.05 was
considered as significant (two-tailed).

Results

Patient’s demographics and clinical characteristics
Analysis was performed on a cohort of 208 patients, with
a mean age of 58.74+£12.00years. The most patients were
the Han nationality (96.63%), were married (93.27%),
were cared for by a spouse (64.90%), did not smoke
(57.21%), and did not consume alcohol (73.56%). Only
24.52% patients had hypertension, 9.62% patients had
diabetes, and 7.69% patients had coronary heart disease,
hence there were not many patients with severe comor-
bidities. Lung cancer was the most common cancer type
with a proportion of 57.21%. However, the financial bur-
den associated with cancer treatment was reported to
be significant by 54.33% of patients. In addition, 43.27%
patients had visceral metastasis, 60.58% patients treated
with radiotherapy, and 60.58% patients treated with
chemotherapy. Table 1 provides a summary of further
information on the demographics and clinical traits of
patients. The mean FACT-G score was only 60.32 £ 20.41,
which indicated that, in comparison to typical popula-
tions, patients with spine metastases generally suffered
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Table 1 Patient’s baseline clinical characteristics and comparisons between the training and validation groups
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Characteristics Patients (n =208) Training group (n =104) Validation group (n =104) P
Age (mean £ SD, years) 58.74+12.00 581241215 5936+11.88 0.46°
Sex 0.68
Male 51.44% (107/208) 50.00% (52/104) 52.88% (55/104)
Female 48.56% (101/208) 50.00% (52/104) 47.12% (49/104)
Nationality 0.70
Han nationality 96.63% (201/208) 96.15% (100/104) 97.12% (101/104)
Ethnic minorities 3.37% (7/208) 3.85% (4/104) 2.88% (3/104)
Marital status 0.58
Married 93.27% (194/208) 92.31% (96/104) 94.23% (98/104)
Single 6.73% (14/208) 7.69% (8/104) 5.77% (6/104)
Education
Primary education 35.58% (74/208) 35.58% (37/104) 35.58% (37/104) 0.69
Senior high school 35.10% (73/208) 32.69% (34/104) 37.50% (39/104)
University or above 29.33% (61/208) 31.73% (33/104) 26.92% (28/104)
Caregivers 0.90
Spouse 64.90% (135/208) 64.42% (67/104) 65.38% (68/104)
Other family members 18.75% (39/208) 19.23% (20/104) 18.27% (19/104)
Support workers 4.81% (10/208) 5.77% (6/104) 3.85% (4/104)
No caregivers 11.54% (24/208) 10.58% (11/104) 12.50% (13/104)
Preference for eating vegetables 0.68
No 13.46% (28/208) 14.42% (15/104) 12.50% (13/104)
Yes 86.54% (180/208) 85.58% (89/104) 87.50% (91/104)
Preference for eating roasted food 0.64
No 90.38% (188/208) 91.35% (95/104) 89.429% (93/104)
Yes 9.62% (20/208) 8.65% (9/104) 10.58% (11/104)
Smoking status 0.30
No 57.21% (119/208) 62.50% (65/104) 51.92% (54/104)
Quitting smoking 23.56% (49/208) 21.15% (22/104) 25.96% (27/104)
Current smoking 19.23% (40/208) 16.35% (17/104) 22.12% (23/104)
Drinking status 0.03
No 73.56% (153/208) 76.92% (80/104) 70.19% (73/104)
Quitting drinking 18.75% (39/208) 12.50% (13/104) 25.00% (26/104)
Current drinking 7.69% (16/208) 10.58% (11/104) 4.81% (5/104)
Hypertension 0.02
No 7548% (157/208) 82.69% (86/104) 68.27% (71/104)
Yes 24.52% (51/208) 17.31% (18/104) 31.73% (33/104)
Diabetes 0.64
No 90.38% (188/208) 89.42% (93/104) 91.35% (95/104)
Yes 9.62% (20/208) 10.58% (11/104) 8.65% (9/104)
Coronary heart disease 0.30
No 92.31% (192/208) 94.23% (98/104) 90.38% (94/104)
Yes 7.69% (16/208) 5.77% (6/104) 9.62% (10/104)
Time since knowing cancer diagnosis 0.05
<3months 17.79% (37/208) 15.38% (16/104) 20.19% (21/104)
23 months and <6months 10.10% (21/208) 7.69% (8/104) 12.50% (13/104)
26 months and < 12 months 10.10% (21/208) 15.38% (16/104) 481% (5/104)
212 months 62.02% (129/208) 61.54% (64/104) 62.50% (65/104)
Primary cancer type 0.13

Lung cancer

57.21% (119/208)

50.96% (53/104)

63.46% (66/104)
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Table 1 (continued)

Characteristics Patients (n =208) Training group (n =104) Validation group (n =104) P
Liver cancer 4.81% (10/208) 3.85% (4/104) 5.77% (6/104)

Gastrointestinal cancer 7.69% (16/208) 7.69% (8/104) 7.69% (8/104)
Breast cancer 9.62% (20/208) 9.62% (10/104) 9.62% (10/104)
Others 20.67% (43/208) 27.88% (29/104) 13.46% (14/104)

Visceral metastases 1.00
No 56.73% (118/208) 56.73% (59/104) 56.73% (59/104)

Yes 43.27% (90/208) 43.27% (45/104) 43.27% (45/104)

Surgery for primary cancer site 013
Open surgery 19.71% (41/208) 25.00% (26/104) 14.42% (15/104)

Minimally invasive surgery 20.67% (43/208) 21.15% (22/104) 20.19% (21/104)
None 59.62% (124/208) 53.85% (56/104) 65.38% (68/104)

Surgery for spine metastasis 0.63
Open surgery 15.87% (33/208) 18.27% (19/104) 13.46% (14/104)

Minimally invasive surgery 54.81% (114/208) 52.88% (55/104) 56.73% (59/104)
None 29.33% (61/208) 28.85% (30/104) 29.81% (31/104)

Radiotherapy 0.26
No 39.42% (82/208) 35.58% (37/104) 43.27% (45/104)

Yes 60.58% (126/208) 64.42% (67/104) 56.73% (59/104)

Chemotherapy 0.09
No 39.42% (82/208) 33.65% (35/104) 45.19% (47/104)

Yes 60.58% (126/208) 66.35% (69/104) 54.81% (57/104)

Economic burden due to cancer treatments 0.83
None 2.88% (6/208) 2.88% (3/104) 2.88% (3/104)

Mild 10.58% (22/208) 8.65% (9/104) 12.50% (13/104)
Moderate 32.21% (67/208) 33.65% (35/104) 30.77% (32/104)
Severe 54.33% (113/208) 54.81% (57/104) 53.85% (56/104)

Having an uncompleted life goal 0.52
No 24.04% (50/208) 22.12% (23/104) 25.96% (27/104)

Yes 75.96% (158/208) 77.88% (81/104) 74.04% (77/104)

ECOG score 0.54
0 6.73% (14/208) 6.73% (7/104) 6.73% (7/104)

1 34.13% (71/208) 35.58% (37/104) 32.69% (34/104)
2 29.81% (62/208) 31.73% (33/104) 27.88% (29/104)
3 11.54% (24/208) 7.69% (8/104) 15.38% (16/104)
4 17.79% (37/208) 18.27% (19/104) 17.319% (18/104)

Anxiety 0.69
No 47.60% (99/208) 46.15% (48/104) 49.04% (51/104)

Skeptical 20.67% (43/208) 23.08% (24/104) 18.27% (19/104)
Yes 31.73% (66/208) 30.77% (32/104) 32.69% (34/104)

Depression 0.30
No 51.44% (107/208) 51.92% (54/104) 50.96% (53/104)

Skeptical 19.23% (40/208) 15.38% (16/104) 23.08% (24/104)
Yes 29.33% (61/208) 32.69% (34/104) 25.96% (27/104)

FACT-G scores 60.32+£20.41 60.83+£20.18 59.82+20.73 085°
Physical well-being 1441+£722 14.23+£7.35 1460+7.11 070°
Social well-being 18.6245.82 189045.63 18334+6.02 051°
Emotional well-being 14.24+57 14.20+5.58 14.28+5.84 0.99°
Functional well-being 13.05+£7.14 1349+£748 12.62+£6.78 042°

SD standard deviation, ECOG eastern cooperative oncology group, FACT-G functional assessment of cancer therapy-general

?indicates the student’s t test

b indicates the Wilcoxon two-sample test
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from very poor quality of life. Additionally, the mental
health status of those patients was far from satisfaction
because up to 52.40% of patients reported having anxious
symptoms and 48.45% reported having depressive symp-
toms. When a FACT-G score of less than 60 was deemed
to indicate the poor quality of life, 50.96% of patients
experienced this. A 50:50 split of patients into the train-
ing and validation sets was done at random. The distribu-
tion of all other characteristics was comparable between
the two groups (P>0.05, Table 1), with the exception of
drinking status and hypertension. In detail, the propor-
tion of poor quality of life was the same between the
training and validation sets (Both 50.96%).

Nomogram construction

In the training set, six variables, including ECOG score,
having an uncompleted life goal, preference for eating
vegetables, chemotherapy, anxiety status, and depression
status, were significant and included in the nomogram,
according to the LASSO method and ten-fold cross-val-
idation (Fig. 1). This study developed the nomogram to
predict the risk probability of poor quality of life among
advanced cancer patients with spine metastases, and it
demonstrated that higher levels of anxiety and depres-
sion, a higher ECOG score, having uncompleted life
goals, and chemotherapy were associated with a higher
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risk probability of suffering from poor quality of life,
whereas preference for eating vegetables was a protective
factor for poor quality of life (Fig. 2).

An illustration of using the nomogram to predict the
risk likelihood of poor quality of life in a specific given
patient was provided in the nomogram. In this particular
situation, the patients did not have any signs of anxiety
and depression, had an ECOG score of 1, had an uncom-
pleted life goal, received with chemotherapy, and pre-
ferred to eat vegetables. Each variable’s score could be
determined by referring to the B (X-m) terms axis. For
instance, in this scenario, anxiety and depression both
received 0, and preference for eating vegetables received
— 1.5 points. The total score was determined based on
the sum of the six scores, and the value displayed on
the total score axis was 1.78. The total score varied from
—2 to 8, and a higher score indicated that patients with
spine metastases were more likely to have a poor quality
of life. The probability of having poor quality of life could
be determined by looking dawn to the probability axis,
and in this instance, the predicted risk was 0.244, and it
meant a risk of low quality of life for this patient of 24.4%.

The study further developed a web calculator to aid clin-
ical practice, and the address of the website was https://
starshiny.shinyapps.io/DynNomapp-lys/. By selecting the
appropriate items and clicking the “Predict” button on the
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Fig. 1 Selection of variables using the LASSO (least absolute shrinkage and selection operator) method in conjunction with ten-fold

cross-validation. A LASSO coefficient profiles of all variables. Coefficient profiles were plotted against the log lambda sequence. B Selection of
appropriate parameters (A). Binomial deviance was plotted against log lambda. Dotted vertical lines were drawn at the optimal values by the
minimum criteria (the left dotted vertical line) and the one standard error of the minimum criteria (the right dotted vertical line)
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website, one can determine the predicted risk probability
of the outcome. The website offered a graphical summary,
numerical summary, and model summary.

Subgroup analysis of nomogram predictors

Subgroup analyses were conducted in the study to
further elucidate the above findings for the selected
predictors in the nomogram. Patients treated with
chemotherapy had near two-time greater odds of hav-
ing poor quality of life compared to patients without
chemotherapy (61.9% vs. 34.1%, P<0.001). Addition-
ally, as for the four subscales of FACT-G—physical
well-being score (P<0.001), social well-being score
(P = 0.027), emotional well-being score (P = 0.015),
and functional well-being score (P = 0.016)—all sup-
ported the finding that patients receiving chemotherapy
had lower scores than those receiving no chemother-
apy. In addition, subgroup analyses further confirmed
the trend in the variables of depression, anxiety, ECOG

score, having an uncompleted life goal, and prefer-
ence for eating vegetables: Higher levels of anxiety
and depression, a higher ECOG score, and having
uncompleted life goals were associated with a higher
risk probability of poor quality of life, whereas prefer-
ence for eating vegetables was a protective factor for
poor quality of life. To learn more about how visceral
metastases might affect those patients’ quality of life,
subgroup analysis was also carried out. It demonstrated
that patients with visceral metastases truly had signifi-
cantly a lower level of FACT-G score as compared to
patients without visceral metastases (54.68 +18.35 vs.
64.63+20.93, P<0.001). Nonetheless, the variable of
visceral metastases was not selected by the LASSO in
the study. Patients with visceral metastasis were equally
distributed between the training and validation sets
(43.27% vs. 43.27%, P=1.000, Table 1). Although this
variable was not included in the nomogram, it was also
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applicable among spine metastases patients with vis-
ceral metastases.

Nomogram validation

Area under the receiver operating characteristic curve
(AUROC) was 0.90 (95% CI: 0.84—0.96) in the train-
ing set and 0.85 (95% CI: 0.78-0.93) in the validation
set, and the corresponding discrimination slopes were
0.50 (95% CI: 0.41-0.58) and 0.44 (95% CI: 0.33-0.56),
respectively. The probability density curves were
displayed for the training (Fig. 3A) and validation
(Fig. 3B) sets. Among the patients with poor qual-
ity of life (positive events), the peak of its curve was
seen at a high level of predicted probability. However,
among the patients without poor quality of life (neg-
ative events), the peak of its curve was situated at a
low level of predicted probability. The above findings
all suggested that the nomogram had a good capac-
ity for discrimination. The nomogram’s calibration

curves presented high agreement between the pre-
dicted and observed probability of poor quality of
life in the training and validation sets. The treat-for-
all and the treat-for-none lines were distant from the
decision curves, indicating that the nomogram also
showed favorable clinical usefulness in both the train-
ing (Fig. 4A) and validation (Fig. 4B) sets. As a result,
the nomogram had considerable discriminative and
calibrating performance.

Additional performance metrics for the two groups
are shown in Table 2. In detail, the Brier score was 0.13
in the training set and 0.16 in the validation set, both of
which were lower than 0.25, suggesting favorable over-
all prediction performance of the nomogram. In addi-
tion, the corresponding Brier,., .4 scores were 48.96
and 34.77%, respectively. The accuracy was 83.65% in
the training set and 79.81% in the validation set, and
the corresponding specificities were 82.35 and 74.51%,
respectively, and the sensitivities were both 84.91%.
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Table 2 Predictive performance of the nomogram to predict
relatively poor quality of life among patients with spine metastases
in the training and validation sets

Predictive metrics Training set Validation set
Brier 0.13 0.16

Brierqieq 48.96% 34.77%

AUROC (95% Cl) 0.90 (0.84-0.96) 0.85(0.78-0.93)
Discrimination slope (95% Cl) 0.50(0.41-0.58) 044 (0.33-0.56)
Accuracy 83.65% 79.81%
Sensitivity 84.91% 84.91%
Specificity 82.35% 74.51%

Recall 84.91% 84.91%

Youden index 1.67 1.59

Threshold 44.24% 32.07%

AUROC area under the receiver operating characteristic curve, Cl confident
interval

Risk stratification based on the nomogram

Patients were categorized into a low-risk group and a
high-risk group in terms of the threshold. In the study,
the best cut-off point that used for risk stratification
among the entire patients was the average of the thresh-
olds in the training (44.24%) and validation (32.07%)
groups. As a result, 40.00% was chosen as the cut-off
point to facilitate clinical practice. Low-risk patients

Table 3 Risk group classification of spine metastasis patients based
on the nomogram

Risk groups Predicted Observed p
probability probability
(n=208)
Low-risk group 16.08% 21.50% (23/107) <0.001
(<40.00%)
High-risk group 82.53% 82.18% (83/101)
(>40.00%)

@ indicates P was obtained from Chi-square test for a comparison of observed

probability between the low and high-risk groups

were those with a predicted probability of less than
40.0%, while high-risk patients were those with a pre-
dicted probability of 40.0% or more. When compared
to patients in the low-risk group, patients in the high-
risk group were more than four times as likely to have
a very poor quality of life (82.18% vs. 21.50%, P <0.001,
Table 3).

Radar charts were used to visualize the four sub-
scales of the FACT-G and determined the distribution
between the training and validation sets (Fig. 5A), the
negative and positive groups (Fig. 5B), and the low-risk
and high-risk groups (Fig. 5C). Figure 5A indicates that
the four subscales of FACT-G—the physical well-being,
social well-being, emotional well-being, and functional
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well-being—were similarly distributed between the
training and validation sets, which could be severed
as a negative control for the nomogram stratification.
Figure 5B indicates patients with relatively poor qual-
ity of life (positive events) had obviously lower scores
as compared to patients without relatively poor quality
of life (negative events), and this finding could be sev-
ered as a positive control for the nomogram stratifica-
tion. Figure 5C indicates a very similar distribution to
Fig. 5B, denoting favorable risk stratification based on
the nomogram because patients in the high-risk group
had distinct lower scores as compared to patients in the
low-risk group.

Additionally, violine plots were utilized to illustrate
the levels of anxiety and depression scores in above
subgroups. The anxiety and depression scores were
both comparable between the training and validation
sets (Fig. 5D). Patients with positive events (poor qual-
ity of life) had significantly higher anxiety and depres-
sion scores as compared to patients with negative events
(Fig. 5E, P<0.0001), indicating patients suffering from
poor quality of life also experienced more severe anxious
and depressive symptoms. Figure 5F shows that patients

in the high-risk group had significant higher anxiety and
depression scores than patients in the low-risk group
(P<0.0001), indicating the nomogram not only achieved
excellent stratification of risk probability of poor quality
of life, but good stratification of mental health status.

Discussion

This study offered a nomogram to predict and stratify
quality of life especially among advanced cancer patients
with spine metastases, and this nomogram was also
internally validated using the bootstrap method and eval-
uated using discrimination and calibration. The assess-
ment of predictive performance, which took into account
the Brier score, AUROC, discrimination slope, accuracy,
Recall, and Youden index, demonstrated that the nomo-
gram had favorable discriminative and calibrating abil-
ity. A web-calculator was created to facilitate clinical
utility. Everyone had access to this web calculator once
their electronic devices connected to the Internet. Addi-
tionally, the web calculator was simple to use because it
only required selecting and filling the appropriate items
and clicking “Predict” option to obtain the predicted risk
probability. Patients were classified into a low-risk group



Lietal. BMC Cancer  (2022) 22:1205

and a high-risk group based on the nomogram. Patients
in the high-risk group suffered from poorer quality of life
and more serious anxiety and depression than patients
in the low-risk group. Thus, the nomogram achieved
both favorable stratification of quality of life and mental
health status among advanced cancer patients with spine
metastases.

The average FACT-G score was only 60.32+20.41,
showing that individuals with spine metastases lived
with very poor quality of life as compared to general
populations. This number was even lower than that in
general cancer patients since their FACT-G score was
approximate 70.00 [22]. Besides, this study found that
about 50.00% of patients experienced skeptical or con-
firmed anxiety or depression, which suggested that the
mental health status of those patients was far from sat-
isfaction. As a result, a prediction model to assess the
quality of life using mental condition would be great
helpful for clinical therapeutic strategies. Patient’s men-
tal health status and quality of life could be both evalu-
ated and accessible to doctors. Notably, as far as author’s
awareness, this nomogram was the first prediction
model to predict and categorize quality of life, particu-
larly in advanced cancer patients with spine metastases.
Actually, due to population heterogeneity, the definition
of poor quality of life did not have widely accepted crite-
ria. In a previous study, Sehlen et al. [23] used the FACT-
G sum score and set the cutoff score at 70.0 among
patients with head-and-neck cancer. The general condi-
tion of those patients was good since the vast majority of
patients (97.0%) did not have metastasis, 78.3% patients
were treated with surgery, and 45.6% patients were in
NO stage. Nonetheless, in our analysis, all patients had
spinal metastatic disease and 56.73% of patients had
visceral metastasis. Therefore, the cutoff value used
in the study conducted by Sehlen et al. [23] might not
be applicable in our study, because the patients in our
study had more serious health problems as compared to
patients in the study of Sehlen et al. [23]. Of note, when
no cut-off value was available for this specific group, the
best way to determine a threshold is to use the median
of the continuous variable. Therefore, the present study
defined that a FACT-G score of less than 60, the median
of FACT-G scores among the entire cohort of patients,
represented relatively poor quality of life.

The nomogram included six variables, including ECOG
score, having an uncompleted life goal, preference for
eating vegetables, chemotherapy, anxiety status, and
depression status, and those variables were widely availa-
ble during hospitalization. The majority of the aforemen-
tioned variables had been verified by previous studies.
For instance, Daly et al. [7] had already pointed out that
in general incurable cancer patients, a higher ECOG
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score was independently associated with poorer quality
of life scores. Zhang et al. [24] demonstrated that pref-
erence for eating vegetables could be a protective factor
for anxiety and depression in general university students.
Regarding chemotherapy, it negatively affected spine
metastases patient’s quality of life possibly as a result of
chemotherapy-induced side effects [25]. Taira et al. [26]
concluded that adjuvant chemotherapy had a negative
impact on quality of life among patients with breast can-
cer, and the effects could last for at least 12months but
were not noticeable at 36 months. Thus, it was impor-
tant to identify and address adverse drug reaction by
performing proper approaches to promote judicious use
of chemical drugs [27]. Decreased anxiety and depres-
sion were closely associated with increased quality of life
among cancer patients [28], and this founding supported
our present study. In general, it should be noted that
establishing models based on the well-known findings
may help prediction models become more accurate and
acceptable among researchers.

A prediction model to assess the quality of life would
be great helpful for doctors to make appropriate patient’s
selection and timely conduct effective interventions.
Therefore, several prediction models were developed
to predict the quality of life among patients treated
with lumbar spine surgery [29], young adult patients
with stroke [30], ICU survivors [31], patients undergo-
ing haemodialysis [32], pulmonary tuberculosis patients
[33], older men living alone [34], and multiple sclero-
sis patients [35]. However, prediction models for can-
cer patients to assess quality of life were not commonly
reported. After carefully reviewing literature, several arti-
cles were identified as focusing on development of model
to predict quality of life among cancer patients. Revesz
et al. [36] designed and internally validated prediction
models to assess health-related quality of life among colo-
rectal cancer patients. The prediction models included a
multitude of variables, including non-modifiable predic-
tors, such as age, sex, socio-economic status, time since
diagnosis, tumor stage, chemotherapy, radiotherapy,
stoma, micturition, chemotherapy-related, stoma-related
and gastrointestinal complaints, comorbidities, social
inhibition/negative affectivity, and working status, and
modifiable predictors, such as body mass index, physi-
cal activity, smoking, meat consumption, anxiety/depres-
sion, and pain. It might be challenging to employ the
prediction models in clinical practice since it was not
easy for doctors to collect so many variables. Formica
et al. [37] proposed a nomogram to predict health-related
quality of life among colorectal cancer patients, and the
nomogram included only age, sex, and body mass index,
but the C-statistics of the nomogram was only 0.67, indi-
cating that its predictive power was not very strong. The
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C-statistics for the prediction nomogram put forth in this
study could reach 0.90 in the training set and 0.85 in the
validation set. Our nomogram was especially designed
for spine metastases patients and only included six com-
mon variables. In addition, a web-calculator was created
to promote clinical practice, and it would be very conven-
ient for doctors and patients to use.

Limitations

However, we acknowledged the limitations of the study.
First of all, the heterogeneity of the sample might lead
to bias since this is a single center study, despite the fact
that the data were prospectively collected. Secondly, the
study did not analyze effective supportive strategies, such
as nutrition and pain alleviation, and after introducing
those variables the prediction performance of the nom-
ogram might be further improved. However, this study
analyzed as many as twenty-five potential risk factors
and the predictive effectiveness of the nomogram was
favorable based on the evaluation metrics. Thirdly, the
long-term condition of quality of life was not evaluated in
the study. Lastly, external validation of the present nomo-
gram was not conducted in the study, and thus the gener-
alization of the nomogram was still unknown. Therefore,
although the nomogram had favorable prediction perfor-
mance, long-term follow up and external validation were
still warranted in a large independent cohort.

Conclusions

This study suggests a nomogram that can be applied as
a practical clinical tool to forecast and categorize the
quality of life among patients with spine metastases.
Additionally, patients with poor quality of life experience
more severe anxiety and depression. Effective interven-
tions should be carried out as soon as possible, especially
for patients in the high-risk group, to improve their qual-
ity of life and mental health condition.
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