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Abstract
Study Design: Retrospective and prospective cohort study.

Objectives: Survival estimation is necessary in the decision-making process for treatment in patients with spinal metastasis
from cancer of unknown primary (SMCUP). We aimed to develop a novel survival prediction system and compare its accuracy
with that of existing survival models.

Methods: A retrospective derivation cohort of 268 patients and a prospective validation cohort of 105 patients with SMCUP
were performed. Univariate and multivariable survival analysis were used to generate independently prognostic variables. A
nomogram model for survival prediction was established by integrating these independent predictors based on the size of the
significant variables’ S regression coefficient. Then, the model was subjected to bootstrap validation with calibration curves and
concordance index (C-index). Finally, predictive accuracy was compared with Tomita, revised Tokuhashi and SORG score by
the receiver-operating characteristic (ROC) curve.

Results: The survival prediction model included six independent prognostic factors, including pathology (P < .001), visceral
metastases (P <.001), Frankel score (P < .001), weight loss (P = .005), hemoglobin (P = .001) and serum tumor markers (P <
.001). Calibration curve of the model showed good agreement between predicted and actual mortality risk in 6-, 12-, and 24-
month estimation in derivation and validation cohorts. The C-index was .775 in the derivation cohort and .771 in the validation
cohort. ROC curve analysis showed that the current model had the best accuracy for SMCUP survival estimation amongst 4
models.

Conclusions: The novel nomogram system can be applied in survival prediction for SMCUP patients, and furtherly be used to
give individualized therapeutic suggestions based on patients’ prognosis.
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Introduction

Spinal metastasis from cancer of unknown primary (SMCUP)
is a heterogeneous spinal metastatic malignancy with no iden-
tifiable primary cancer detected by any means present, which
accounts for approximately 10% of all malignancies.'* SMCUP
brings poor survival prognosis and debilitates life quality due to
compromised neurological function including local pain, para-
plegia, and corresponding complications.® To date, individual-
ized, tissue-of-origin therapies did not give conclusive evidence
to prolong survival prognosis.>* In terms of therapies on spinal
metastasis, the focus emphasizes on neurological function im-
provement by means of surgery or radiotherapy.”°

Until new technologies have been validated and become
widely available, the fundamental principle for SMCUP es-
timation would be the use of focused clinical presentations.’
Expert clinical judgment based upon survival estimation is
critical in choosing the best local therapies for patients with
SMCUP."** Score models predicting survival prognosis have
been derived in earlier and recent years. Mohamed et al de-
rived an inflammation-based prognostic models using a cohort
of 60 patients, and Douglas et al developed a cross-validated
score model including 91 patients in both cohorts.”'® These 2
validated models included cancer of unknown primary pa-
tients but the sample size was small. Tomita score and revised
Tokuhashi score were the most used prognosis prediction
systems for patients with spinal metastasis, also including
SMCUP.""""* In recent years, new predictive models for spine
metastases such as SORG score were developed and dem-
onstrated superior performance.'* Although they included
comparatively large populations, the patients were not specific
and the models lacked statistically precise validation pro-
cess.'” Further, although the primary site remains occult, the
pathological characteristics of the metastatic site is important
as they convey histological or genetic information to guide
chemotherapy or target therapies, yet until now, no score
models give variables of pathology evaluation.

Hence, in this study, we asked: (1) What independent
prognostic predictors are associated with survival in patients
with SMCUP? (2) Can we build a comprehensive and in-
formative score system which is useful in survival prediction
for SMCUP patients? (3) Which one has the best predictive
accuracy in SMCUP patients, Tomita score, revised Tokuhashi
score, SORG score or the new score system?

Material and Methods
Patient Selection and Study Design

Approval was obtained from the medical ethics committee of
Shanghai Changzheng Hospital (2016 YFC0902100) prior to
case collection. This project received an exemption from the

medical ethics committee for informed consent, therefore, in-
formed consent was not obtained. From January 2010 to De-
cember 2015, all patients diagnosed with SMCUP in Changzheng
Hospital, Shanghai, were retrospectively reviewed and included
in the derivation cohort. From January 2016 to October 2017, we
constructed a validation cohort prospectively by consecutively
including patients with SMCUP in our center. The inclusion
criteria were indicated as follows'*: by radiological means (CT/
MRI or '®F FDG PET-CT scans) no evidence of primary tumor
can be detected; the patients have no history of possible tumor or
tumor mass; spinal lesions should be confirmed as metastatic
malignances by biopsy or postoperative pathological studies.
Overall survival (OS) refers to the interval between initiation of
the diagnosis of SMCUP and death, and used as the primary end
point. The study was censored on December 2020.

All 402 patients who were diagnosed with SMCUP in our
institution were identified and included in the study. Five and
two patients were filtered out due to incomplete laboratory or
clinical data in the derivation cohort and the validation cohort,
respectively. Then 17 and five patients, respectively, were
excluded because of missing follow-up data. Finally, included
in the study were 268 patients in the derivation cohort and 105
patients in the validation cohort, respectively (Figure 1).

Treatment Considerations

The therapeutic strategy for SMCUP patients included sur-
gery, radiotherapy, chemotherapy, and target therapy.'®
General conditions of patients played an important role in
the therapeutic strategy decision. The patient with poor
general condition was not a candidate for surgery, but for
supportive care. Indications for surgery included spinal in-
stability, progressive impairment of neurological function
owing to spinal cord or nerve root compression, and intrac-
table pain. Surgical strategies for spinal metastases were based
on Tomita score and SINS score, including marginal surgery
such as total en bloc spondylectomy (TES), or intralesional
decompression surgery.'"'® Although all SMCUP patients
had Tomita score > 5, those with solitary bone lesion and no
visceral metastasis were suggested to receive TES in both
cohorts. Adjuvant radiation therapy was recommended fol-
lowing intralesional decompression surgery to achieve long-
term local control. Subsequent postoperative chemotherapy and
target therapy were suggested by the surgeons and physicians
from multidisciplinary consultations. The final treatment choice
was decided by the agreement with the patients.

Explanatory Variables

Clinical variables, laboratory tests and pathological classifi-
cations potentially affecting survival were collected according
to the Delphi method, in which all the potential variables were
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Figure 1. The flowchart for the retrospective and prospective cohorts is shown here.

subject to 6 rounds of oncologist consultation and consensus at
national level by means of mails and visits, after which the final
variables to enter the study were decided by the authors.'

After a detailed history and a complete physical exami-
nation, blood was taken from the patients. The data of the
patients were collected from themselves, their medical rec-
ords, and pathology study procured by surgical or biopsy
specimen. The neurological status was assessed according to
the Frankel score and categorized into 2 groups (Frankel score
A-B and C-E).?° The degree of spinal cord compression was
described based on the 6-point epidural spinal cord com-
pression (ESCC) grading system.”' The symptom duration
referred to the time between the onset of neurological
symptoms and the initiation of treatment, based on which
spinal cord injury was categorized as acute to subacute
(<14 days), and chronic (>14 days).'* According to the me-
dian BMI of the patients in the training cohort, patients with a
BMI<24.3 kg/m” were categorized as a low-weight group, and
otherwise as a high-weight group. Definition of weight loss
was % weight loss>6%, and was calculated according to the
suggestions from Martin L et al.”* The neutrophil-lymphocyte
ratio (NLR) was calculated by dividing the absolute neutrophil
count by the absolute lymphocyte count, with NLR>5 con-
sidered elevated and the same calculation applied for platelet-
lymphocyte ratio (PLR), with 300 as the cut-off point.>*** The
performance status was assessed according to Eastern Co-
operative Oncology Group (ECOG) performance scores and
Karnofsky Performance Status (KPS).'®** Pre-treatment he-
moglobin (Hb), erythrocyte sedimentation rate (ESR), C-
reactive protein (CRP), alkaline phosphatase (AKP), serum
albumin (ALB) and serum calcium (Ca) were evaluated and
categorized based on the institutional reference values. Tumor
markers including carcinoembryonic antigen (CEA), cancer
antigen 125 (CA125), cancer antigen 199 (CA199), cancer
antigen 724 (CA724), prostate-specific antigen (PSA, only for
male) and alpha-fetoprotein (AFP) were tested before any
treatment and were also categorized according to the reference
values. Anyone of the above tumor markers higher than the
institutional reference value was abnormal.

Pathology tissue from biopsy specimen was immediately
fixed in 10% formalin, embedded in paraffin, cut in thin pieces,
and stained with Hematoxylin-Eosin stain after biopsy proce-
dure or surgical operation.’® Histological examinations were
performed by three pathologists unaware of the clinical data.
Pathological types were categorized into squamous cell car-
cinoma, adenocarcinoma, and unspecified carcinoma.’*’

Model Derivation

Statistical survival analysis to identify independent risk factors
for survival was performed by SPSS 23.0 (SPSS, Chicago, IL).
Model derivation steps were performed by R project, version
3.4.3 (http://www.r-project.org/). Continuous variables are ex-
pressed as mean standard deviation (SD) and compared using an
unpaired, two-tailed ¢ test. For survival data, the mean or median
OS and SD were reported. Categorical variables were compared
using the x° test or Fisher exact test. Kaplan-Meier method was
applied in univariate analysis, with differences compared by log-
rank test. Cutoff threshold for the log-rank test for inclusion in the
multivariable model was P <.05. Cox proportional hazard model
was used in multivariable survival analysis to generate all in-
dependently prognostic variables. A nomogram was formulated
based on the results of multivariable analysis by R 3.4.3 with the
survival and rms package. The risk score point was created by
substitution of the S regression coefficient of each significant
variable by dividing the least § regression coefficient.'® The effect
of the variable with the highest § regression coefficient was
assigned 10 points. And the total sum of points corresponded to
the 6-, 12-, and 24-month survival probability.

Model Validation

The model was subjected to 1000 bootstrap resamples for
validation with the primary derivation or validation cohort by
R project.”® A concordance index (C-index) was estimated for
discrimination evaluation.”®*° The value of the C-index al-
ways ranges from .5 to 1.0. Higher C-index indicates better
ability to correctly discriminate the outcome with the model.
Calibration refers to the agreement of predicted and actual
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Table I. General Characteristics of 373 Patients with SMCUP.

Total Patients (n = 373) Derivation Cohort (n = 268) Validation Cohort (n = 105)
n (%) n (%) n (%) P value
Age
<58 years 186 (49.9%) 134 (50.0%) 52 (49.5%) 934
>58 years 187 (50.1%) 134 (50.0%) 53 (50.5%)
Gender
Male 248 (66.5%) 179 (66.8%) 69 (65.7%) .843
Female 125 (33.5%) 89 (33.2%) 36 (34.3%)
Pathology
AdenoCA 215 (57.6%) 156 (58.2%) 59 (56.2%) .855
SCC 45 (12.1%) 33 (12.3%) 12 (11.4%)
UN 113 (30.3%) 79 (29.5%) 34 (32.4%)
BMI
<243 185 (49.6%) 132 (49.3%) 53 (50.5%) 832
>243 188 (50.4%) 136 (50.7%) 52 (49.5%)
Smoking history
No 274 (73.5%) 198 (73.9%) 76 (72.4%) .768
Yes 99 (26.5%) 70 (26.1%) 29 (27.6%)
Visceral metastases
No 309 (82.8%) 225 (84.0%) 84 (80.0%) 362
Yes 64 (17.2%) 43 (16.0%) 21 (20.0%)
Number of metastases in the vertebral body
<3 243 (65.1%) 171 (63.8%) 72 (68.6%) 247
>3 130 (34.9%) 97 (36.2%) 33 (31.4%) .385
Metastases of extraspinal bone
No 279 (74.8%) 202 (75.4%) 77 (73.3%) .683
Yes 94 (25.2%) 66 (24.6%) 28 (26.7%)
Frankel score
A/B 64 (17.2%) 47 (17.5%) 17 (16.2%) 756
C/D/E 309 (82.8%) 221 (82.5%) 88 (83.8%)
Ambulatory status
No 85 (22.8%) 64 (23.9%) 21 (20.0%) 422
Yes 288 (77.2%) 204 (76.1%) 84 (80.0%)
Weight loss
Yes 118 (31.6%) 89 (33.2%) 29 (27.6%) 296
No 255 (68.4%) 179 (66.8%) 76 (72.4%)
Symptom duration
<14 days 78 (20.9%) 51 (19.0%) 27 (25.7%) .153
214 days 295 (79.1%) 217 (81.0%) 78 (74.3%)
KPS
<60 130 (34.9%) 90 (33.6%) 40 (38.1%) All
>60 243 (65.1%) 178 (66.4%) 65 (61.9%)
ECOG score
0-2 235 (63.0%) 161 (60.1%) 74 (70.5%) 061
3-4 138 (37.0%) 107 (39.9%) 31 (29.5%)
Comorbidity
No 261 (70.0%) 194 (72.4%) 67 (63.8%) .104
Yes 112 (30.0%) 74 (27.6%) 38 (36.2%)
Location
Cervical 106 (28.4%) 81 (30.2%) 25 (23.8%) .659
Thoracic 157 (42.1%) 109 (40.7%) 48 (45.7%)
Lumbar 66 (17.7%) 47 (17.5%) 19 (18.1%)
Sacrum 44 (11.8%) 31 (11.6%) 13 (12.4%)

(continued)
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Table 1. (continued)
Total Patients (n = 373) Derivation Cohort (n = 268) Validation Cohort (n = 105)
n (%) n (%) n (%) P value
NLR
<5 281 (75.3%) 199 (74.3%) 82 (78.1%) 439
>5 92 (24.7%) 69 (25.7%) 23 (21.9%)
PLR
<300 328 (87.9%) 232 (86.6%) 96 (91.4%) .195
2300 45 (12.1%) 36 (13.4%) 9 (8.57%)
CRP
<ULN 256 (68.6%) 189 (70.5%) 67 (63.8%) .209
>ULN 117 (31.4%) 79 (29.5%) 38 (36.2%)
Serum Ca®*
<ULN 337 (90.3%) 239 (89.2%) 98 (93.3%) 222
>ULN 36 (9.65%) 29 (10.8%) 7 (6.67%)
ALB
<LLN 185 (49.6%) 124 (46.3%) 51 (48.6%) .689
2LLN 188 (50.4%) 144 (53.7%) 54 (51.4%)
Hb
>LLN 244 (65.4%) 179 (66.8%) 65 (61.9%) 372
<LLN 129 (34.6%) 89 (33.2%) 40 (38.1%)
AKP
<ULN 252 (67.6%) 186 (69.4%) 66 (62.9%) 225
>ULN 121 (32.4%) 82 (30.6%) 39 (37.1%)
ESR
<ULN 185 (49.6%) 139 (51.9%) 46 (43.8%) 162
>ULN 188 (50.4%) 129 (48.1%) 59 (56.2%)
D-dimer
<1110 pg/L 184 (49.3%) 129 (48.1%) 55 (52.4%) 244
NA 41 (11.0%) 34 (12.7%) 7 (6.67%)
21110 pg/L 148 (39.7%) 105 (39.2%) 43 (41.0%)
Tumor markers
<ULN 103 (27.6%) 73 (27.2%) 30 (28.6%) .796
>ULN 270 (72.4%) 195 (72.8%) 75 (71.4%)

NA, not available; AdenoCA, adenocarcinoma; SCC, squamous cell carcinoma; UN, Unspecified carcinoma; Hb, hemoglobin; ESR, erythrocyte sedimentation
rate; BMI, body mass index; KPS, Karnofsky Performance Status; ECOG, Eastern Cooperative Oncology Group; NLR, neutrophil-lymphocyte ratio; PLR,
platelet-lymphocyte ratio; CRP, C-reactive protein; ALB, serum albumin; AKP, alkaline phosphatase; ULN, upper limit of normal; LLN, lower limit of normal.

risk.?” We constructed a calibration plot to determine whether
the predicted and observed survival probabilities were in
concert at 6-, 12-, and 24-month follow-up.

Model Comparison With Existing Prognostic Systems

Tomita score, revised Tokuhashi score and SORG score were
commonly used for survival prediction in SMCUP. Accuracy
of this model was evaluated with the receiver operating
characteristic curve (ROC) and area under ROC (AUROC). A
cumulative risk score was calculated for each patient in both the
validation and derivation cohort. ROC curves were drawn with
1-specificity and sensitivity atx and y axes, respectively, with all
cumulative risk scores as cutoff points for the risk prediction
within 6, 12, and 24 months of follow-up. In both the derivation
and validation cohorts, the prediction accuracy of the derived
model was compared with the three existing prognostic systems

by means of AUROC. The AUROC for predicting 6-, 12-, and
24-month OS in each of the 4 scoring algorithms was com-
pared using the method reported by DeLong et al.**

Results

Demographic Characteristics

The mean age of patients in the derivation cohort was 55.3 £+
12.5 (median 58, range 18 to 84) years. The mean age of those
in the validation cohort was 58.3 + 10.8 (median 60, range 28
to 77) years. The mean time of follow-up of derivation cohort
was 31.1 £ 3.32 (median 25.0, 95% confidence interval [CI]
20.1-29.9) months. The mean time of follow-up of the vali-
dation cohort was 21.4 = 1.08 (median 23.0, 95%CI 20.5-
25.5) months. Differences in baseline data between the 2
groups were not statistically significant (Table 1).
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Treatment of Patients With Spinal Metastasis From
Cancer of Unknown Primary

Among the 268 SMCUP patients in the derivation cohort, 212
(79.1%), 194 (72.4%), 118 (44.0%) and 22 (8.21%) patients
received surgery, radiotherapy, chemotherapy, and target
therapy, respectively. Survival analysis demonstrated surgery
(P < .001), radiotherapy (P < .001) and chemotherapy (P =
.004) might contribute to better prognosis in SMCUP patients.
In the validation cohort, surgery (78/105, 74.3%), radio-
therapy (68/105, 64.8%) and chemotherapy (41/105, 39.0%)
also remained the mainstay of treatment for SMCUP. And 18
(17.1%) patients received target therapy. In this series,
SMCUP patients who received radiotherapy showed better OS
than others (P = .027, Table 2).

Factors Associated With Survival in Patients With
Spinal Metastasis From Cancer of Unknown Primary

Univariate and multivariate analyses were based on the 268
patients in the derivation cohort. Altogether, 16 prognostic
variables were statistically significant (P < .05) for survival
prediction, and they were furtherly used for multivariate
analysis. Multivariate analysis identified the following 6 in-
dependent variables significant in overall survival estimation:
pathology (P < .001), visceral metastases (P < .001), Frankel
score (P < .001), weight loss (P = .005), hemoglobin (P =
.001) and serum tumor markers (P < .001) (Figure 2).

Model Derivation and Validation

The six independent variables were used to develop this
nomogram model (Figure 3). The score was attributed ac-
cording to the S regression coefficient of each significant
variable (Table 3). And in the nomogram, each point was
determined by drawing a line straight upward from each
predictor to the point axis, and the total points were then

Table 2. Treatments of Patients with SMCUP.

calculated by summing each point. The 6-, 12-, and 24-month
OS was determined by drawing a line straight down from the
total point axis. This novel nomogram was validated in both
derivation cohort and validation cohort. It was showed that
this model had good performance in predicting outcome, with
a C-index of .775 (95% CI, .738—.812) in the derivation cohort
and .771 (95% CI, .718-.824) in the validation cohort. For
calibration evaluation, calibration plots presented a sufficient
agreement between the model prediction and actual obser-
vation for 6-, 12-, and 24-month OS (Figure 4).

Model Comparison With Existing Score Systems

In both derivation and validation cohorts, ROC and AUROC
were compared between the current nomogram and three
commonly used models (Tomita score, revised Tokuhashi
score and SORG score) for 6-, 12-, and 24-month OS pre-
diction. AUROC comparison of the 4 models showed that the
current model was more reliable for 6-, 12-, and 24-month OS
prediction (Table 4, Figure 5).

Discussion

Approximately 15% of cancer patients develop spinal me-
tastasis and the main treatment modalities are surgery and
radiotherapy.™® Spinal metastasis can cause paraplegia, se-
verely undermined life qualities and diminished survival
prognosis.'®*° Circumferential decompression followed with
radiotherapy could achieve better functional outcome for
patients with relatively good preoperative conditions or longer
survival prognosis.>' To optimally stratify treatment options,
it is essential to take into account overall condition with
clinical variables, laboratory tests and pathological
classifications.''*? For occult primaries with spinal metas-
tasis, or SMCUP, primary-cancer categorization or person-
alization method becomes impossible and these patients
usually have very poor survival prognosis in comparison.*”-*

Log-Rank Test

Number Overall Survival Time, month (Mean, 95%Cl) P value
Derivation cohort 268
Surgery (No/Yes) 56/212 10.7(9.06-12.3)/22.4(17.6-27.2) <.001*
Radiotherapy (No/Yes) 74/194 11.7(8.54-14.9)/22.3(17.4-27.1) <.001*
Chemotherapy (No/Yes) 150/118 16.7(12.0-21.5)/19.7(16.2-23.2) .004*
Target therapy (No/Yes) 246/22 18.7(14.8-22.5)/21.3(14.7-27.9) .077
Validation cohort 105
Surgery (No/Yes) 27178 12.0(9.05-14.9)/16.6(14.4-18.9) .059
Radiotherapy (No/Yes) 37/68 12.9(10.3-15.5)/15.8(13.9-17.7) .027%*
Chemotherapy (No/Yes) 64/41 15.4(12.9-17.9)/15.1(12.7-17.4) .844
Target therapy (No/Yes) 87/18 14.8(12.7-16.9)/17.2(14.6-19.8) .052

*These values are statistically significant at a P value of <.05.
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Figure 2. Kaplan-Meier survival curves are shown based on six independent factors for prognosis in the derivation cohort (A. Pathology, B.
Visceral metastases, C. Frankel score, D. Weight loss, E. Serum tumor markers, F. Hemoglobin).

0 1 2 3 4 5 6 7 8 9 10
Points L ! L . ) L . | L )
sCC
Pathology AdenoCA Yes UN
Visceral metastases No Yes
Weight loss No A;B
Frankel score CE 2ULN
Tumor markers <UL sLiN
HemOgIObln ZLILN T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45
6-month survival r T T — T 1
< 0.9 0.8 07 06 05 04 03 02 041
1-year survival r T r —— T |
09 08 07 06 05 04 03 02 01
2-year survival
06 05 04 03 02 0.1

Figure 3. The nomogram for survival prediction of patients with SMCUP is presented here (AdenoCA, adenocarcinoma; SCC, squamous cell
carcinoma; UN, Unspecified carcinoma; ULN, upper limit of normal; LLN, lower limit of normal).

Identification of a risk model to predict survival is thereby vital
for individualization of treatment for patients with SMCUP. A
total of 373 individual patients met the study entry criteria and
were included in the analysis. According to the spinal levels
which contributed to the major neurological symptoms of
patients, the thoracic spine was the most common site, ac-
counting for 42.1% of the cases, followed by the cervical
spine (28.4%), lumbar spine (17.7%), and sacrum (11.8%)).
The 6-point ESCC scale developed and validated by Bilsky

et al*' graded the degree of epidural tumor extension and

spinal cord compression based on MR imaging. Based on the
6-point ESCC scale, 15, 6, 9, 20, 248 and 75 patients be-
longed to grade 0, 1a, 1b, 1c, 2 and 3, respectively. This study
developed a simple, readily nomogram model to estimate
survival time for SMCUP. Next, a prospective cohort vali-
dation also demonstrated good performance of the model in
OS prediction for SMCUP. Finally, model comparison by
AUROC analysis of existing SMCUP staging systems
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Table 3. Preoperative Factors for Survival of Patients with SMCUP in the Derivation Cohort, n = 268.

Univariate Analysis Multivariate Analysis

Number
Overall Survival Time, month s HR
n =268 (Mean, 95%Cl) P value Coefficient  (95%Cl) P value Score
Age (<58 years/>58 years) 134/134 19.4(14.0-24.8)/16.4(13.9-18.9) 963
Gender (Female/Male) 89/179 20.5(14.0-27.0)/16.7(14.1-19.4) 642
Pathology (AdenoCA/SCC/UN) 156/33/79 24.4(19.0-29.9)/13.8(10.5-17.1)/ <.001* .504 1.66 (1.40- <.001* 0/4/8
10.2(8.65-11.7) 1.96)
BMI (<24.3/>24.3) 132/136 13.2(11.6-14.8)/23.7(17.7-29.7) .009* .902
Smoking (No/Yes) 198/70 20.3(15.8-24.8)/16.2(12.0-20.4) 724
Visceral metastases (No/Yes) 225/43 21.3(17.0-25.6)/9.01(6.93-11.1) .001 .780 2.18 (1.49- <.001* 0/7
3.18)
Number of metastases in the 171/97 21.1(16.3-25.8)/14.5(11.6-17.5) .055
vertebral body (<3/23)
Metastases of extraspinal bone 202/66 19.9(15.6-24.2)/15.8(12.1-19.5) .627
(No/Yes)
Frankel score (A-B/C-E) 471221 11.2(7.14-15.3)/21.0(16.8-25.2) <.001 .14 .320 (.214- <.001* 10/0
A79)
Ambulatory status (No/Yes) 64/204 12.3(8.67-16.0)/20.8(16.4-25.2) <.001 .862
Weight loss (Yes/No) 89/179 11.4(9.66-13.1)/22.4(17.5-27.3) <.001* 433 .649 (478- .005 4/0
.880)
Symptom time (<14 days/>14 days)  51/217 16.1(12.1-20.1)/20.3(16.0-24.7) .907
KPS (<60/>60) 90/178 13.3(10.4-16.2)/21.7(16.8-26.7) <.001* .996
ECOG score (0-2/3-4) 161/107 22.1(16.7-27.5)/13.9(11.3-16.4) .007 .683
Comorbidity (No/Yes) 194/74 19.4(14.4-24.5)/17.6(14.4-20.9) 192
Location (cervical/thoracic/ 81/109/47/ 18.7(14.3-23.1)/15.6(13.0-18.3)/ 734
lumbar/sacrum) 31 14.6(11.1-18.0)/25.1(12.8-37.4)
NLR (<5/25) 199/69 20.2(15.9-24.5)/15.3(11.4-19.2) .043* 257
PLR (<300/2300) 232/36 21.5(17.2-25.9)/18.92 (7.16-10.7) <.001* 373
CRP (<ULN/2ULN) 189/79 22.4(17.3-27.4)/12.5(10.2-14.9) .001 .145
Serum Ca (<ULN/2ULN) 239/29 16.5(14.2-18.7)/23.9(9.96-37.9) .300
ALB (<LLN/zLLN) 124/144 14.0(12.0-16.0)/24.3(17.5-31.0) .008* 204
Hb (>LLN/<LLN) 179/89 22.9(17.8-28.0)/12.4(9.89-14.9) <.000* 535 1.71 (1.26- .001* 0/5
2.32)
AKP (<ULN/2ULN) 186/82 21.6(16.6-26.6)/14.3(11.6-17.0) .101
ESR (<ULN/2ULN) 139/129 23.7(17.7-29.7)/13.6(11.2-15.9) <.000* .947
D-dimer (<1110 pg/L/INA/ 129/34/ 22.9(16.7-29.1)/15.7(12.2-19.2)/ .001* 215
21110 pg/L) 105 13.8(11.1-16.4)
Tumor markers (SULN/2ULN) 73/195 32.2(21.6-42.8)/13.8(12.1-15.4) <.001* 1.18 3.25 (2.22- <.001* 0/10

4.75)

*These values are statistically significant at a P value of <.05.

Cl, confidence interval; NA, not available; AdenoCA, adenocarcinoma; SCC, squamous cell carcinoma; UN, Unspecified carcinoma; Hb, hemoglobin; HR, hazard
ratio; ESR, erythrocyte sedimentation rate; BMI, body mass index; KPS, Karnofsky Performance Status; ECOG, Eastern Cooperative Oncology Group; NLR,
neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; CRP, C-reactive protein; ALB, serum albumin; AKP, alkaline phosphatase; ULN, upper limit of
normal; LLN, lower limit of normal.

showed that the current model had the best accuracy in
survival prediction.

Clinical and laboratory variables like general conditions of
patients, inflammation determinants (such as PLR and NLR) and
tumor metastatic status were shown to be associated with sur-
vival of patients with SMCUP. And six independent prognostic
factors were identified in the nomogram development. The
nomogram illustrated Frankel score and level of serum tumor
makers as sharing the largest contribution to prognosis, followed

by visceral metastasis and pathological classifications. Weight
loss and pre-treatment hemoglobin level showed a moderate
impact on the survival. Visceral metastases, Frankel score and
weight loss were commonly considered and included in previous
prognosis prediction models for spinal metastasis.''"'*~* Pre-
treatment hemoglobin could indicate general condition of a
patient. Paulino et al'* developed SORG model for patients with
spine metastases, also demonstrated that lower hemoglobin level
was independently associated with decreased survival. Serum
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Figure 4. The calibration curves are shown for predicting patient survival at (A) 6 months in the derivation cohort, (B) 12 months in the
derivation cohort, (C) 24 months in the derivation cohort, (D) 6 months in the validation cohort, (E) 12 months in the validation cohort, and
(F) 24 months in the validation cohort. Nomogram-predicted probability of overall survival is plotted on the x-axis; actual overall survival is

plotted on the y-axis.

Table 4. AUROC for Current Nomogram, Tomita, Revised Tokuhashi and SORG Score From ROC Analysis.

AUROC
Prediction Period Current nomogram®  Tomita et al* P value Revised Tokuhashi et a® P value SORG? P value
Derivation cohort
6 months .883 (.838-.919) 724 (.666-777)  <.0I* .762 (.706-.812) <0l* .708 (.649-762) <.OI*
12 months .804 (.746-.853) 617 (551-.681) <0I* .647 (.582-.709) <0I* 620 (.554-.683) <O0I*
24 months 793 (.731-.846) .568 (498-.636) <.0I* .595 (.524-.662) <0l* 594 (524-.662) <.OI*
Validation cohort
6 months .838 (.752-.904) .670 (.570-.760) .03* .799 (.708-.872) 63 .699 (.600-.786) .03*
12 months 814 (.719-.888) .560 (.452-.664) <.0I* .576 (468-.679) <.0I* 581 (473-.684) <OI*
24 months 879 (.786-.941) 539 (423-.652) <.0I* .518 (403-.632) <0l*  .54] (425-.654) <OI*

*The values are given as the AUROC, with the 95% Cl in parentheses.

*Compared with current nomogram, these values are significant at a two-tailed P value of <.05.
Cl, confidence interval; ROC, receiver operating characteristic curve; AUROC, area under receiver operating characteristic curve.

tumor markers were generally not considered to be particularly
helpful in identifying the primary tumor, especially among the
adenocarcinoma.! However, they may be helpful in monitoring
the response to treatment and prognosis prediction in various
cancers.””>® Increased level of a serum tumor maker might
indicate higher tumor burden and larger tumor size.>’ In our
study, serum tumor markers were tested before any treatment.
Results showed that tumor markers higher than the upper limit
indicated poor prognosis for patients with SMCUP. Similarly, in
recent study for combined hepatocellular carcinoma and chol-
angiocarcinoma patients, Hou et al*® developed a novel Tumor
Marker Score (TMS) based on preoperative AFP, CEA, and
CA199. Abnormally high tumor markers were associated ad-
vanced TMS as well as worse prognosis of these patients. Some
variables like BMI, ambulatory status, KPS, ECOG score, NLR,
PLR, CRP, level of albumin, ESR, and level of D-dimer were
also proven to be candidates impacting the OS of patients with

SMCUP in the univariate analysis. However, these variables
failed to be included in the final model. One of the possible
reasons was that different variables like BMI, KPS, ECOQG,
albumin, Frankel score, and ambulatory status were considered
in our model, and they were all used for evaluating general
condition or neurologic deficit of patients. Only Frankel score
was an independent factor and included in the nomogram
eventually. Another possible reason was that they might play a
minor role in survival prediction.

For SMCUP, a group of heterogeneous types of cancers,
indeed, although clinical variables may give strong clues to
survival prognosis, it is inadequate to stratify patient survival
prognosis only by clinical manifestations without proper
reference to pathological aggressiveness.'''> The current
model included pathological types, which plays vital roles in
clinical judgment of therapeutic regimens.”>’ For SMCUP,
patients with adenocarcinoma had better prognosis than those
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Figure 5. ROC curves are used for comparing current nomogram, SORG score Tomita score and revised Tokuhashi score in survival
estimation at (A) 6 months in the derivation cohort, (B) 12 months in the derivation cohort, (C) 24 months in the derivation cohort, (D)
6 months in the validation cohort, (E) 12 months in the validation cohort, and (F) 24 months in the validation cohort. ROC curves are drawn

with |-specificity and sensitivity at x and y axes, respectively.

with squamous cell carcinoma, and unspecified carcinoma
indicated poor clinical outcome. Also, in another survival
study for spinal metastases from non-small cell lung cancer
in our institution, the patients diagnosed with adenocarci-
noma seemed to have longer OS than those with squamous
cell carcinoma with 18.3 months and 15.6 months, re-
spectively.'® Notably, previous CUP models by Tomita et al
and revised Tokuhashi et al only included clinical variables,
but the current model coordinated clinical presentations,
results of laboratory tests as well as pathological details, and
this may be probably why this novel model shows the best
accuracy.' """’

The nomogram model not only has clinical implications
generalizable to clinical prediction of patient survival but also
serves as guidelines on multidisciplinary treatment stratifi-
cation process. Based upon the predicted survival rate, it is
possible to calculate the survival prognosis and thus the model
may help make relevant decisions on proper management. For
instance, it was suggested that patients with poor 6-month
survival rate might not benefit from surgical therapy,**?
while that for patients with higher chance of more than 3
or 6 months’ survival, it would be appropriate to include
surgery or radiotherapy into decision-making process.'***
According to the model, a patient with score >33 would
have a 6-month survival rate <30% and a 12-month survival
rate <5%, probably predicting poor survival after aggressive
therapies considering the treatment-associated impact. How-
ever, models based on quality of life should be encouraged
because they may better help clinical decision-making process
and give more individualized information.

Although the study has the strength of respectable sample
size and sufficient duration of follow-up time, which increased
the statistical power and reliability of results, this model bears
limitations. First, all the items making up this nomogram and
their weightings were obtained from the cohorts in one single
institution. And future multi-institutional studies to validate
these results are necessary. Second, a temporal cohort was
selected as the external validation set. Improved therapeutic
techniques and experience from 2016 to 2017 might improve
the OS of patients in validation cohort compared to that in the
training cohort from 2010 to 2015. Third, the SORG score was
developed from a cohort of patients who had undergone a
surgical procedure for spine metastases. However, only 77.7%
patients in this study underwent surgical treatments. Differ-
ences from inclusion criteria might impact an objective
comparison between SORG score and our nomogram. Finally,
decision-making process of SMCUP management should be
based upon both post-therapeutic survival prognosis and
potential elevated quality of life, and further studies are en-
couraged to quantifiably predict quality of life probably via
validated scales or questionnaires.

Conclusions

In conclusion, the study represents a reliable and accurate no-
mogram model combining clinical presentations, results of
laboratory tests as well as pathological details for estimation of
survival rate in SMCUP patients. The model may also be a useful
tool for clinicians to stratify the level of applicable management
in SMCUP patients according to their survival prognosis.
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Appendix
Abbreviations
AKP Alkaline phosphatase
ALB Albumin
AUROC  Area under receiver operating characteristic curve
C-index Concordance index
CRP  C-reactive protein
ECOG Eastern Cooperative Oncology Group
ESR  Erythrocyte sedimentation rate
Hb Hemoglobin
KPS Karnofsky Performance Status
NLR Neutrophill-lymphocyte ratio
OS  Overall survival
PLR Platelett-lymphocyte ratio
SMCUP  Spinal metastasis from cancer of unknown
primary
ROC Receiver operating characteristic curve
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