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Abstract

IMPORTANCE To optimize palliative care in patients with cancer who are in their last year of life,
timely and accurate prognostication is needed. However, available instruments for prognostication,
such as the surprise question (“Would | be surprised if this patient died in the next year?") and various
prediction models using clinical variables, are not well validated or lack discriminative ability.
OBJECTIVE To develop and validate a prediction model to calculate the 1-year risk of death among
patients with advanced cancer.

DESIGN, SETTING, AND PARTICIPANTS This multicenter prospective prognostic study was
performed in the general oncology inpatient and outpatient clinics of 6 hospitals in the Netherlands.
Atotal of 867 patients were enrolled between June 2 and November 22, 2017, and followed up for 1
year. The primary analyses were performed from October 9 to 25, 2019, with the most recent
analyses performed from June 19 to 22, 2022. Cox proportional hazards regression analysis was used
to develop a prediction model including 3 categories of candidate predictors: clinician responses to
the surprise question, patient clinical characteristics, and patient laboratory values. Data on race and
ethnicity were not collected because most patients were expected to be of White race and Dutch
ethnicity, and race and ethnicity were not considered as prognostic factors. The models’
discriminative ability was assessed using internal-external validation by study hospital and measured
using the C statistic. Patients 18 years and older with locally advanced or metastatic cancer were
eligible. Patients with hematologic cancer were excluded.

MAIN OUTCOMES AND MEASURES The risk of death by 1year.

RESULTS Among 867 patients, the median age was 66 years (IQR, 56-72 years), and 411 individuals
(47.4%) were male. The 1-year mortality rate was 41.6% (361 patients). Three prediction models with
increasing complexity were developed: (1) a simple model including the surprise question, (2) a
clinical model including the surprise question and clinical characteristics (age, cancer type prognosis,
visceral metastases, brain metastases, Eastern Cooperative Oncology Group performance status,
weight loss, pain, and dyspnea), and (3) an extended model including the surprise question, clinical
characteristics, and laboratory values (hemoglobin, C-reactive protein, and serum albumin). The
pooled C statistic was 0.69 (95% Cl, 0.67-0.71) for the simple model, 0.76 (95% Cl, 0.73-0.78) for the
clinical model, and 0.78 (95% Cl, 0.76-0.80) for the extended model. A nomogram and web-based
calculator were developed to support clinicians in adequately caring for patients with

advanced cancer.

CONCLUSIONS AND RELEVANCE |In this study, a prediction model including the surprise question,
clinical characteristics, and laboratory values had better discriminative ability in predicting death
among patients with advanced cancer than models including the surprise question, clinical
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Key Points

Question Can a predictive model be
developed and validated to calculate the
1-year risk of death among patients with
advanced cancer by combining clinician
responses to the surprise question
("Would | be surprised if this patient died
in the next year?") with patients’ clinical

characteristics and laboratory values?

Findings In this prognostic study that
included 867 patients with advanced
cancer, the developed model combining
the surprise question, clinical
characteristics, and laboratory values
had better discriminative ability in
predicting 1-year risk of death than the
surprise question, clinical
characteristics, or laboratory values
alone. A nomogram was developed to
aid clinicians in identifying those at risk
of dying within 1year.

Meaning These results suggest that the
prediction model and nomogram
developed for this study can be used by
clinicians to identify patients who may
benefit from palliative care and advance
care planning.
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Abstract (continued)

characteristics, or laboratory values alone. The nomogram and web-based calculator developed for
this study can be used by clinicians to identify patients who may benefit from palliative care and
advance care planning. Further exploration of the feasibility and external validity of the model

is needed.

JAMA Network Open. 2022;5(11):e2244350. doi:10.1001/jamanetworkopen.2022.44350

Introduction

Palliative care aims to optimize the quality of life among both patients who are in the last phase of life
and their relatives." High-quality and patient-centered palliative care is supported by timely
advance care planning.>“ Palliative care and advance care planning can be facilitated by adequate
prognostication (ie, making predictions about a patient's remaining life expectancy).®
Prognostication may be based on clinicians’ subjective predictions, objective predictors or prediction
models, or both.

The surprise question (“Would | be surprised if this patient died in the next year?") is a well-
known tool to support clinician prediction of the survival of patients with advanced illness. It is a
generic non-disease-specific tool that is recommended to identify patients with palliative care
needs.® The surprise question alone has been studied as a predictor of death within 1year among
patients with cancer and found to have a sensitivity of 75% and specificity of 90%.” Those findings
suggest that the surprise question is suitable for identifying patients with cancer who will live beyond
1year but less suitable for identifying those who are going to die within 1year. Mudge et al®
attempted to improve the prognostic performance of the surprise question for 1-year mortality
among hospital inpatients by combining the surprise question with indicators of functional
deterioration.® These indicators included general deterioration (eg, declining functional performance
status, weight loss, or repeated unplanned hospital admissions) and clinical indicators for specific
advanced diseases (eg, functional ability deteriorating due to progressive cancer or heart failure or
extensive untreatable coronary artery disease, with breathlessness or chest pain at rest or on
minimal effort). The surprise question combined with general and disease-specific indicators had
higher accuracy in predicting death within 1year than the surprise question alone (81.3% vs 62.0%).2

Cancer-specific prediction models, such as the Palliative Prognostic Score and the Palliative
Prognostic Index, have been widely studied and validated for predicting whether patients are in the
last months, weeks, or days of life."® However, few studies have investigated predictors or prediction
models for the last year of life. A review by Owusuaa et al'"' summarized predictors of death within 3
months to 2 years; these predictors included age, sex, Eastern Cooperative Oncology Group (ECOG)
performance status, brain metastases, visceral metastases, and cutaneous or subcutaneous
metastases. Prediction models consisting of 1or more predictors (eg, the Oncological-
Multidimensional Prognostic Index) identified in this review did not include any form of clinician
prediction of survival. Furthermore, those models had moderate discrimination abilities (C statistic
or area under the curve of 0.60-0.70) or were not well (ie, externally) validated.”

It is well established that prognostication is most accurate when clinician predictions of survival
are combined with clinical predictors.'”? However, little is known about that combination for the
prediction of death within 1year in patients with cancer. Therefore, we aimed to develop and validate
amodel to calculate the 1-year risk of death for patients with advanced cancer.
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Methods

Patients and Procedures

The protocol for this prognostic study was reviewed and approved by the medical ethical research
committee of Erasmus MC, Erasmus University Medical Center, Rotterdam. The study protocol was
also approved by the other study hospitals. All eligible patients were informed about the study in
writing, and written or oral informed consent (depending on the procedure of the study hospital) was
obtained from all patients. The collected data were analyzed anonymously. This study followed the
Transparent Reporting of a Multivariable Prediction Model for Individual Prognosis or Diagnosis
(TRIPOD) reporting guideline for prognostic studies.™

Patients eligible for inclusion were 18 years or older, had locally advanced or metastatic cancer,
and were receiving treatment with palliative intent, with or without anticancer treatment. A total of
867 patients (847 from outpatient clinics) were prospectively and consecutively enrolled from both
the general oncology inpatient clinics and the outpatient clinics of 6 hospitals in the Netherlands
(Erasmus MC, Ikazia Hospital Rotterdam, Maasstad Hospital Rotterdam, Amphia, Van Weel Bethesda
Hospital, and Admiraal de Ruyter Hospital) from June 2 to November 22, 2017 (eBox 1in
Supplement 1). Patients with hematologic cancer were excluded. Medical specialists, residents, and
nurse practitioners from the study hospitals enrolled eligible patients consecutively based on the 3
inclusion criteria and 1 exclusion criterion, which were outlined on a poster in every consultation
room and clinic. The primary analyses were performed from October 9 to 25, 2019, with the most
recent analyses performed from June 19 to 22, 2022.

A total of 17 candidate predictors of death were selected based on the findings of a systematic
review and meta-analysis." These predictors were categorized as follows: (1) clinician responses to
the surprise question (“Would | be surprised if this patient died in the next year?"”); (2) patient clinical
characteristics, including age, sex, comorbidity, cancer type, metastases (visceral [including liver,
pancreas, peritoneal, or pleural and excluding lung], brain, and cutaneous or subcutaneous), ECOG
performance status, food intake, weight loss, pain, dyspnea, and fatigue; and (3) patient laboratory
values, including hemoglobin, C-reactive protein (CRP), and serum albumin (eBox 2 in Supplement 1).
Data on race and ethnicity were not collected because most patients were expected to be of White
race and Dutch ethnicity, and race and ethnicity were not considered as prognostic factors. Before
this study began, the clinical feasibility of collecting information on these predictors was evaluated in
a focus group comprising oncologists and other clinicians.

Variables were gathered on the day of inclusion via a questionnaire, which was completed by
the medical specialist, resident, or nurse practitioner who was treating the patient. The questionnaire
included the surprise question and items about the patient’s current performance status, which was
assessed according to the ECOG classification system (range, 0-4, with O indicating no performance
restrictions and 4 indicating totally confined to bed or chair)'#; the patient's current food intake
(normal, mildly reduced, or severely reduced), which was evaluated by asking the patient; the
patient's average pain during the previous week, which was assessed using an 11-point numerical
rating scale (range, 0-10, with O indicating no pain and 10 indicating the worst pain possible)'; the
patient’s level of dyspnea (range, 0-4, with O indicating no dyspnea and 4 indicating life-threatening
dyspnea) and level of fatigue (range, O-3, with O indicating no fatigue and 3 indicating fatigue that
limits self-care activities of daily living), which were assessed according to the Common Terminology
Criteria for Adverse Events, version 4.0'°; and the patient’s weight loss, which was assessed by
asking the patient about total weight loss in the previous 6 months. Research assistants obtained
information on other variables from patients’ medical records. Comorbidity was assessed using the
Charlson Comorbidity Index."”

For the laboratory parameters, the most recent test results from the month before study
inclusion were collected. Types of cancer were classified based on literature'®' as those having (1) a
good prognosis (mean survival of 40 months) for breast, prostate, or thyroid cancer or (2) an
intermediate or poor prognosis (mean survival of 10-24 months) for all other cancer types. The
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sample size was estimated at 430 patients, which was based on the expected mortality rate (40%)
and the number of expected deaths (170) in relation to the total number of predictors (17)."2° Al
patients were followed up for a maximum of 1year, and information about their vital status (ie, alive
or dead) was obtained from medical records. When it was unclear whether the patient was still alive,
the patient’s general practitioner was contacted by telephone. For patients who died during
follow-up, the date of death was recorded.

Statistical Analysis

The primary outcome was the probability of death by 1year. The prognostic performance of the
surprise question in predicting death within 1year was assessed. Possible nonlinear associations
between the risk of death and continuous predictors were investigated using restricted cubic splines.
If there was evidence of a nonlinear association, a suitable transformation was chosen to
approximate the spline. Cox proportional hazards regression analysis was used to develop a
prediction model by applying backward selection using a liberal P value (P <.20). We assumed that
missing values were missing at random; multiple imputation was used to impute missing values 10
times. The results from analyses of these imputed data sets were pooled using Rubin rules.?' We
performed sensitivity analyses to examine the possible impact of the violation of missing at random.

The prediction model was validated through internal-external validation to evaluate
heterogeneity in model performance across the study hospitals.?? In this validation, the prediction
model was refitted with data from all study hospitals except 1, and the resulting model was validated
with the data from the hospital not included at model development. This procedure was repeated
until each hospital was used once for validation. We used the Harrell C statistic to evaluate the ability
of the prediction model to discriminate between patients who died vs patients who lived longer
during the follow-up period. The C statistic ranges from 0.5 to 1.0, with 0.5 indicating that a model
yields prognostic results equivalent to a coin toss and 1.0 indicating that a model has perfect
prognostic discrimination. In addition, we assessed the calibration of the model during internal-
external validation using calibration plots.

We also simplified the prediction model into a nomogram, and we created a web-based
calculator to calculate the probability of death within 1year. All statistical analyses were performed
using R statistical software, version 3.6.0 (R Foundation for Statistical Computing). Missing values
were imputed using the mice package for R software. The web-based calculator was developed using
the Shiny package for R software. The threshold for statistical significance was 2-sided P = .20.

Results

Among 867 patients, the median age was 66 years (IQR, 56-72 years); 456 patients (52.6%) were
female, and 411 patients (47.4%) were male. Most patients (476 individuals [54.9%]) were enrolled at
1university-affiliated tertiary hospital (Erasmus MC). The most common cancer types were breast
(191 patients [22.0%]). lung (173 patients [20.0%]), and gastrointestinal (132 patients [15.2%])
(Table 1; eTable 1in Supplement 1). Of all cancer types, 595 (68.6%) had an intermediate or poor
prognosis according to data from the literature.’®'® The 1-year mortality rate within the whole cohort
was 41.6% (361 patients) (Figure 1). Although there were no missing data on vital status, we had to
contact the patient’s general practitioner to ascertain the outcomes of 77 patients (8.9%). The 1-year
survival probability was 82% among patients for whom clinicians answered yes to the surprise
question and 37% among patients for whom clinicians answered no to the surprise question.

The surprise question was answered mainly by attending medical specialists (767 patients
[88.5%]), followed by nurse practitioners (55 patients [6.3%]) and residents (45 patients [5.2%)]).
There were no significant differences between these groups in the prognostic accuracy of the
prediction of 1-year death. The surprise question had a hazard ratio (HR) of 5.42 (95% Cl, 5.27-7.16)
when answered by specialists, 3.86 (95% Cl, 3.50-10.24) when answered by nurse practitioners, and
7.32 (95% Cl, 6.48-24.66) when answered by residents (P = .61). Overall, the surprise question had
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Table 1. Patient Characteristics

Characteristic Patients, No./total No. (%) (N = 867)
Study hospital
Erasmus MC 476/867 (54.9)
Ikazia Hospital Rotterdam 133/867 (15.3)
Maasstad Hospital Rotterdam 77/867 (8.9)
Amphia 104/867 (12.0)
Van Weel Bethesda Hospital 29/867 (3.3)
Admiraal de Ruyter Hospital 48/867 (5.5)
Age, median (IQR), y 66 (56-72)
Outpatient 847/867 (97.7)
Sex
Female 456/867 (52.6)
Male 411/867 (47.4)
Clinician response of no to surprise question? 445/854 (52.1)
Respondents to surprise question
Medical specialists 767/867 (88.5)
Nurse practitioners 55/867 (6.3)
Residents 45/867 (5.2)
ECOG performance status
0 264/864 (30.6)
1 432/864 (50.0)
22 168/864 (19.4)
Cancer type
Breast 191/867 (22.0)
Lung 173/867 (20.0)
Gastrointestinal 132/867 (15.2)
Prostate 76/867 (8.8)
Melanoma 60/867 (6.9)
Gynecological 53/867 (6.1)
Pancreas 40/867 (4.6)
Thyroid 5/867 (0.6)
All other types 137/867 (15.8)
Cancer type prognosis
Good 272/867 (31.4)
Intermediate or poor 595/867 (68.6)
Visceral metastases 347/867 (40.0)
Brain metastases 66/867 (7.6)
Cutaneous or subcutaneous metastases 40/867 (4.6)
Food intake
Normal 640/854 (74.9)
Lightly reduced 159/854 (18.6)
Strongly reduced 55/854 (6.4)
Weight loss, median (IQR), kg® 0(0-2)
Pain score, median (IQR)<¢ 0(0-3)
Dyspnea level®
0 570/867 (65.7)
1 225/867 (26.0)
22 72/867 (8.3)
Fatigue level®
0 256/866 (29.6)
1 484/866 (55.9)
22 126/866 (14.5)
(continued)
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Table 1. Patient Characteristics (continued)

Characteristic Patients, No./total No. (%) (N = 867)
Charlson Comorbidity Index score
0 570/867 (65.7)
1 208/867 (24.0)
22 89/867 (10.3)
Hemoglobin, median (IQR), g/dL* 12.4(11.1-13.7)
C-reactive protein, median (IQR), mg/dL? 0.62 (0.25-2.60)
Serum albumin, median (IQR), g/dL" 4.1(3.8-4.3)
Deadatly 361/867 (41.6)

Abbreviation: ECOG, Eastern Cooperative Oncology Group.

Sl conversion factors: To convert hemoglobin from grams per deciliter to millimoles per liter, divide by 1.6113; to convert
C-reactive protein from milligrams per deciliter to milligrams per liter, multiply by 10; to convert serum albumin from grams
per deciliter to grams per liter, multiply by 10.

2 The surprise question was, “Would | be surprised if this patient died in the next year?"
b Data were missing for 33 patients (3.8%).

© Pain was assessed using an 11-point numerical rating scale (score range, 0-10, with O indicating no pain and
10 indicating the worst pain possible).

d Data were missing for 8 patients (0.9%).

€ Dyspnea and fatigue levels were assessed using the Common Terminology Criteria for Adverse Events, version 4.0. For
dyspnea, the range was O to 4, with O indicating no dyspnea and 4 indicating life-threatening dyspnea; for fatigue, the
range was O to 3, with O indicating no fatigue and 3 indicating fatigue that limits self-care activities of daily living.

f Data were missing for 77 patients (8.9%).
& Data were missing for 365 patients (42.1%).
" Data were missing for 168 patients (19.4%).

Figure 1. Kaplan-Meier Survival Curve

@ Survival among whole cohort Survival by answer to surprise question
1.0 1.0
Yes
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Time, mo Time, mo
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All 867 773 654 572 472 47 Yes 409 399 379 359 310 29
No 445 363 266 206 156 18
Survival among 867 patients with advanced cancer.
a sensitivity of 80% (95% Cl, 75%-84%), specificity of 68% (95% Cl, 90%-95%), positive predictive
value (PPV) of 64% (95% Cl, 60%-68%), and negative predictive value (NPV) of 82% (95% Cl,
79%-86%). In the univariable regression model, all variables (except for the presence of cutaneous
or subcutaneous metastases) were associated with death within 1year, with the highest risk
observed for a clinician answer of no to the surprise question (HR, 5.49; 95% Cl, 4.22-713), an ECOG
performance status of 2 or higher (HR, 4.67; 95% Cl, 3.47-6.27), and a fatigue grade of 2 or higher
(HR, 4.29; 95% Cl, 3.12-5.91)(Table 2).
In the multivariable analyses, we developed a prediction model for death within 1year by
increasing complexity, starting with the surprise question, which performed best in the univariable
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model. Three versions of the prediction model were developed: (1) a simple model including the
surprise question only, (2) a clinical model including the surprise question and clinical characteristics
(age, cancer type prognosis, visceral metastases, brain metastases, ECOG performance status,
weight loss, pain, and dyspnea), and (3) an extended model including the surprise question, clinical
characteristics, and laboratory values (hemoglobin, CRP, and serum albumin) (Table 3). The pooled C
statistic was 0.69 (95% Cl, 0.67-0.71) for the simple model, 0.76 (95% Cl, 0.73-0.78) for the clinical
model, and 0.78 (95% Cl, 0.76-0.80) for the extended model (eTable 2 and eTable 3 in

Supplement 1). At a uniform predefined 40% threshold for the risk of death, the clinical model had a
sensitivity of 80%, specificity of 69%, PPV of 65%, and NPV of 83%. At this threshold, the extended

Table 2. Univariate Analysis of Surprise Question Responses, Clinical Characteristics, and Laboratory Values

Variable HR (95% CI) P value
Clinician response to surprise question

Yes 1 [Reference] NA
No 5.49 (4.22-7.13) <.001
Age (per 10-y increase) 1.07 (0.98-1.17) .14
Sex
Female 1 [Reference] NA
Male 1.35(1.10-1.66) .004
ECOG performance status
0 1 [Reference] NA
1 1.64(1.24-2.17) <.001
22 4.67 (3.47-6.27) <.001
Cancer type prognosis
Good 1 [Reference] NA
Intermediate or poor 1.99 (1.55-2.56) <.001
Visceral metastases 1.42(1.16-1.75) .001
Brain metastases 1.71(1.22-2.40) .004
Cutaneous or subcutaneous metastases 0.87 (0.52-1.46) .58
Food intake
Normal 1 [Reference] NA
Reduced 2.54(2.05-3.14) <.001
Weight loss
No 1 [Reference] NA
Yes 2.18 (1.76-2.70) <.001
Weight loss (per kg) 1.07 (1.05-1.09) <.001
Pain score (per U increase)? 1.11(1.07-1.15) <.001
Dyspnea level®
0 1 [Reference] NA
1 1.64 (1.30-2.07) <.001
22 2.78 (2.03-3.80) <.001
Fatigue level®
0 1 [Reference] NA Abbreviations: ECOG, Eastern Cooperative Oncology
1 1.86 (1.41-2.45) <001 Group; HR, hazard ratio; NA, not applicable.
> 429 (3.12-5.91) <001 @ Pain was assessed using an 11-point numerical rating
Charlson Comorbidity Index score scale (s‘cor‘e ra.nge, 0-10, with O indica.ting no pain
and 10 indicating the worst pain possible).
0 1 [Reference] NA b Dyspnea and fatigue levels were assessed using the
1 1.48 (1.16-1.87) <.001 Common Terminology Criteria for Adverse Events,
22 1.66 (1.21-2.27) <.001 version 4.0. For dyspnea, the range was O to 4, with
Hemoglobin (per U increase) 0.58 (0.51-0.66) <.001 0 indicating no dyspnea and 4 indicating life-
C-reactive protein (per doubling) 1.33 (1.25-1.41) <.001 threatening dyspnea; for fatigue, the range was O to
Serum albumin (per U increase) 0.92 (0.91-0.94) <.001 3. with O indicating no fatigue and 3 indicating

fatigue that limits self-care activities of daily living.
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model had a sensitivity of 76%, specificity of 72%, PPV of 66%, and NPV of 81%. The clinical and
extended models had good calibration (eFigures 1and 2 in Supplement 1).

Additional analyses yielded a C statistic of 0.70 (95% Cl, 0.68-0.73) for clinical characteristics
alone, 0.71(95% Cl, 0.68-0.74) for laboratory values alone, and 0.77 (95% Cl, 0.74-0.79) for the
surprise question combined with laboratory values (eTable 3 in Supplement 1). Additional sensitivity
analyses for CRP with a high percentage of missing values (42.1%) revealed no differences between
imputed and complete-case analyses (eFigure 3 in Supplement 1).

A nomogram, which calculated the 1-year risk of death based on individual variables, was
developed for the simple model (eFigure 4 in Supplement 1), clinical model (eFigure 5 in
Supplement 1), and extended model (Figure 2). A web-based calculator based on the models was
also created.?® A sample calculation of 1-year risk of death based on 1 patient is shown in eBox 3 in
Supplement 1.

Discussion

This multicenter prospective prognostic study aimed to develop and perform internal-external
validation on a prediction model for death by 1year in patients with advanced cancer. We found that
the extended model (including the surprise question, clinical characteristics, and laboratory values)
had better discrimination ability than the simple model (including the surprise question only) or the
clinical model (including the surprise question and clinical characteristics). However, the
discriminative abilities of the clinical and extended models were relatively similar (C statistics of 0.76
and 0.78, respectively). The extended model developed in our study also had better discrimination

Table 3. Cox Proportional Hazards Regression Analysis of Simple, Clinical, and Extended Prediction Models

HR (95% Cl)
Variable Simple model®
Clinician response to surprise question

Clinical model® Extended model®

Yes
No

1 [Reference]
5.49 (4.22-7.13)

Clinical characteristics
Age (per 10-y increase) NA

Cancer type prognosis

1 [Reference]
3.80(2.86-5.05)

1.08 (0.98-1.19)

1 [Reference]
3.46 (2.58-4.66)

1.08 (0.98-1.19)

Good NA 1 [Reference] 1 [Reference]
Intermediate or poor NA 1.45(1.11-1.89) 1.40 (1.06-1.85)
Visceral metastases NA 1.37(1.11-1.70) 1.29(1.04-1.60)
- Abbreviations: ECOG, Eastern Cooperative Oncology
Brain metastases NA 1.39 (0.98-1.96) 1.51(1.05-2.17)

ECOG performance status

Group; HR, hazard ratio; NA, not applicable.

2 The simple model included the surprise question

0 NA 1 [Reference] 1 [Reference] (“Would | be surprised if this patient died in the next

1 NA 1.04 (0.77-1.40) 0.96 (0.71-1.31) year?").

=2 NA 1.79(1.27-2.54) 1.38 (0.96-2.00) ® The clinical model included the surprise question and
Weight loss clinical characteristics (age, cancer type prognosis,

Yes NA 1 [Reference] 1 [Reference] visceral metastases, bra.in metastas‘es, ECOG

No NA 1.26 (1.00-1.59) 1.11(0.87-1.43) performance status, weight loss, pain, and dyspnea).

c . ) )

Pain score (per U increase)? NA 1.06(1.01-1.10)  1.04(0.99-1.09) The extended model included the surprise question.

Dyspnea level®

clinical characteristics, and laboratory values
(hemoglobin, C-reactive protein, and

0 NA 1 [Reference] 1 [Reference] serum albumin).
1 NA 1.24(0.98-1.59) 1.21(0.95-1.54) d Pain was assessed using an 11-point numerical rating
=2 NA 1.51(1.07-2.11) 1.29(0.91-1.84) scale (score range, 0-10, with O indicating no pain

Laboratory values

and 10 indicating the worst pain possible).

Hemoglobin (per U increase) NA NA 0.88 (0.76-1.02) ¢ Dyspnea level was assessed using the Common
C-reactive protein (per doubling) NA NA 1.12 (1.03-1.21) Terminology Criteria for Adverse Events, version 4.0.

p p The range was O to 4, with O indicating no dyspnea
Serum albumin (per U increase) NA NA 0.98 (0.95-1.01)

and 4 indicating life-threatening dyspnea.
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than most other models in the literature.™2# In addition, the clinical model had better discriminative

ability than the simple model. Based on these results, our study confirmed previous findings that
clinical and laboratory factors add to clinician prediction of survival using the surprise question.'

The development of an easy-to-use nomogram and web-based calculator for the clinical and
extended models was novel and allowed for the calculation of 1-year risk of death in individual
patients in clinical practice. Clinicians can choose to use the simple, clinical, or extended nomogram
based on available patient information. However, the use of the clinical or extended model requires
more variables than the 1-sentence surprise question. Because patients’ clinical characteristics may
be easier to obtain than laboratory values, which require additional blood tests, clinician use of the
extended model may be limited. Although the extended model best predicted the 1-year risk of
death, the clinical model may be a good alternative due to the models’ similarities in discrimination
(C statistics of 0.76 for the clinical model and 0.78 for the extended model).

The nomogram could be made visible in the patient's electronic medical records and serve as a
reminder for clinicians (both physicians and nurses) to be aware of patients who are at risk of dying
within 1year or could be implemented as part of a digital advance care planning program. The

nomogram can support clinicians in initiating conversations with patients who may be in the last

period of their lives and can thereby support advance care planning. The nomogram could also be an

aid in making decisions about anticancer treatments in the last year of life. The interpretation of the

Figure 2. Nomogram of the Extended Model

. 0 10 20 30 40 50 60 70 80 90 100
Points 7 S NI N Lo e T T
. . No
Surprise question ; I
Yes
Age’ y r T T T T T T 1
20 30 40 50 60 70 80 90
Poor
Cancer type prognosis r !
Good (breast, prostate, thyroid)
Yes
Visceral metastasis : !
No Yes
1
Brain metastasis |
No
0
ECOG performance status — 1
1 2+
Any
Weight loss previous 6 mo —!
None
H T T T T T T T T T T 1
Pain score (NRS) 001 2 3 4567 8 910
Grade 1
Dyspnea (CTCAE) ; |
Grade 0 Grade 22
Hemoglobin, mmol/L 2‘8 ‘7 é é 4‘1
_ i H r T T T 1
C-reactive protein, mg/L 05 10 50 100 200
. T T T T T T T T T 1
serum albumin, g/L 55 50 45 40 35 30 25 20 15 10
.I. t l . t T T T T T T T T T 1
otalpoints - 50 100 150 200 250 300 350 400 450
R HH q T T T T T T T T 1
1-y Probability of dying 0.1 02 03 04 05 06 07 08 09

The surprise question was, “Would | be surprised if this patient died in the next year?"
Instructions for use of the nomogram: (1) locate the answer to the surprise question, (2)
draw a straight line upward to the point axis, (3) repeat this procedure for the other 11
predictors (age, cancer type prognosis, visceral metastases, brain metastasis, ECOG
performance status, weight loss, pain, dyspnea, hemoglobin, C-reactive protein, and
serum albumin), (4) sum the points for all predictors on the total points axis, and (5) draw
aline straight down to the 1-year probability of dying axis to find the patient's risk of

dying within 1year. Conventional unit conversion factors: To convert hemoglobin from
millimoles per liter to grams per deciliter, multiply by 1.6113; to convert C-reactive protein
from milligrams per liter to milligrams per deciliter, divide by 10; to convert serum
albumin from grams per liter to grams per deciliter, divide by 10. CTCAE indicates
Common Terminology Criteria for Adverse Events; ECOG, Eastern Cooperative Oncology
Group; and NRS, numerical rating scale.
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calculated risk of death will need further research. We have yet to establish the threshold for risk of
death that clinicians (should) feel comfortable using to communicate to patients that they may be in
the last period of their lives, which could help to better tailor treatment decisions to quality of life.

Previous research? has found that a machine learning algorithm, which used 559 features as
inputs and was integrated into the electronic medical file, could accurately predict death within 180
days in patients with cancer. The study reported an area under the curve of 0.89,%° which
outperformed our extended model. Of note, clinicians are already aware of the variables included in
our model, whereas this awareness may not be the case with the variables included in a machine
learning algorithm. Thus, it will be important to further assess support among health care
professionals for the various types of prognostic models (a simple model, our model including
multiple components, or a machine learning algorithm) in routine clinical practice.

In our study, the surprise question had higher sensitivity (80%) and higher PPV (64%) than
previously reported (77% and 41%, respectively).”2® The surprise question in our study was
answered by clinicians in a hospital setting and applied to patients with advanced cancer, whereas
other studies have often involved clinicians in the primary care setting and patients with all cancer
stages. The surprise question may be easier to answer for patients with advanced cancer who
typically have a worse prognosis than patients with other cancer stages. In addition, in contrast to
previous findings,?’ there were no significant differences between medical specialists and nurses
with regard to the prognostic accuracy of the surprise question in predicting death within 1year. The
nurse practitioners in our study had more responsibility to assess and make decisions about the care
of patients than nurses in a previous study,?” who seemed to be mainly involved in administering
chemotherapy. Therefore, nurse practitioners may have expertise in answering the surprise question
that is similar to that of medical specialists.

Limitations

This study has several limitations. First, clinicians in our study enrolled eligible patients by completing
a questionnaire. Although the 3 inclusion criteria and 1 exclusion criterion were clear, some bias in
clinicians’ selection of patients cannot be ruled out. Second, the responses to the surprise question
and information about other patient variables were collected within 1 questionnaire, which might
have influenced clinicians’ responses to the surprise question. Third, the percentage of missing
values for CRP is relatively high (42.1%), but additional sensitivity analyses revealed no differences
between imputed and complete-case analyses. Fourth, due to the relatively high mortality rate in the
selected patients, the nomogram might overestimate the risk of death in patients with advanced
cancer types that have better overall survival (eg, breast cancer). However, cancer type prognosis
was included as a variable in the model to neutralize this possible risk. Fifth, 54.9% of patients were
enrolled at 1 hospital, which is the only participating university hospital (ie, tertiary hospital). In
addition, although the internal-external validation of our model supports its external validity, it will be
important to test the generalizability of our model by performing independent external validation
using another data set. Sixth, our model may require regular updates due to developments in
treatment options (eg, targeted therapy) or survival shifts in cancer care.

Conclusions

This prognostic study found that a prediction model and nomogram including the surprise question,
clinical characteristics (age, cancer type prognosis, visceral metastases, brain metastases, ECOG
performance status, weight loss, pain, and dyspnea), and laboratory values (hemoglobin, CRP, and
serum albumin) can support clinicians in more accurately identifying patients who are at risk of dying
within 1year. Further research on the nomogram should focus on external validation, feasibility, and
its use for the initiation of advance care planning discussions with patients and relatives, which may
aid in decision-making about desired care and medical treatment in the last period of patients’ lives.
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