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Purpose We aimed to develop a prognostic model to assist palliative care referral at least 3 months before death in advanced cancer
patients treated at an outpatient medical oncology clinic.

Materials and Methods In this prospective cohort study, a total of 200 patients were enrolled at a tertiary cancer center in South
Korea. The major eligibility criterion was an expected survival of less than a year as estimated by their oncologists. We analyzed the
influences of known prognostic factors along with chemotherapy status, mid-arm circumference, and triceps skinfold thickness on
survival time.

Results The mean age of the patients was 64.5 years, 36% were female, and the median survival time was 7.6 months. In the
multivariate analysis, we found six significant factors related to poor survival: a poor Eastern Cooperative Oncology Group (ECOG) per-
formance status (> 2), not undergoing chemotherapy, anorexia, a low lymphocyte level (< 12%), a high lactate dehydrogenase (LDH)
level (> 300 IU/L), and a low mid-arm circumference (< 23 cm). We developed a prognostic model (score, 0-8.0) to predict 3-month
survival based on the multivariate analysis. Patients who scored > 4.0 points had a short survival of less than 3 months (p < 0.001).
The discriminating ability of the prognostic model using the area under the receiver operating characteristic curve was 0.88.

Conclusion The prognostic model using ECOG performance status, chemotherapy status, anorexia, lymphocytes, LDH, and mid-arm
circumference can predict 3-month survival in medical oncology outpatients. It can alert oncologists to refer patients to palliative care

specialists before it is too late.
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Introduction

Several randomized studies have shown that early pal-
liative care referral can improve quality of life, satisfaction
with care, and even survival in advanced cancer patients
[1-3]. Therefore, many guidelines including the American
Society of Clinical Oncology practice guidelines, strongly
recommend dedicated palliative care services concurrent
with active anticancer treatment [4].

Although there is no doubt regarding the need for and
benefits of early palliative care, the real-world status may be
far from ideal due to a lack of resources and other barriers.
In the real world, many patients do not have the opportunity
to receive hospice care at the end of life. The rates of hospice
utilization in the United States and the United Kingdom are
50.7% and 44% [5,6], respectively. In South Korea, only 22.9%
of advanced cancer patients were referred to government-

certified hospice centers in 2018 [7].

Recently, referral to palliative care specialists might be
increasing [8], but many patients are still not referred or
referred too late in tertiary cancer centers. In one study, 45%
of decedents in the cohort at a comprehensive cancer center
had a palliative care consultation and their median surviv-
al after the consultation was 1.4 months [9]. Among these
patients, 33% were referred earlier (>3 months before death),
and those patients showed improved end-of-life care com-
pared with those who were referred late (< 3 months before
death) [10]. According to international consensus, many
experts considered a prognosis of 3-12 months as appropri-
ate timing to refer an advanced cancer patient to a palliative
care specialist, and a prognosis of less than 3 months was
considered too late or much too late [11].

In the era of targeted therapy and immunotherapy, the
treatment decision is becoming more complex, and more
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patients are receiving anticancer treatment near the end of
life. Consequently, some medical oncologists may often hesi-
tate to refer patients to palliative care or lose the appropriate
timing to refer patients to palliative care [12,13].

The objective of this study was to develop a prognos-
tic model to assist palliative care referral at least 3 months
before death in advanced cancer patients treated at outpa-
tient medical oncology clinics.

Materials and Methods

1. Patients

We enrolled advanced cancer patients treated at a compre-
hensive cancer center of a university hospital in this prospec-
tive cohort study from March 2016 to January 2019. Patients
were eligible if they had a diagnosis of advanced cancer,
when their oncologists estimated their survival to be less
than a year and were 18 years or older. We defined advanced
cancer as a metastatic or recurrent disease or progressive
locally advanced disease not amenable to curative treatment.
Patients were excluded if they had hematologic malignan-
cies, were expected to survive less than a month, and were
not able to communicate.

2. Data collection

The patients were interviewed face to face by a clinical
research nurse after enrollment. They were questioned about
the presence of dyspnea, dysphagia, anorexia, edema, fati-
gue, and weight loss (more than 10% weight loss over 6
months). Patient performance status was assessed by the
Eastern Cooperative Oncology Group (ECOG) performance
status and Karnofsky Performance Scale (KPS). We obtained
demographic data and clinical information including pri-
mary tumor site, anticancer treatment, date of diagnosis or
recurrence, date of advanced cancer diagnosis, and date of
diagnosis as incurable. The results of laboratory tests were
collected from electronic medical records. A trained regis-
tered nurse measured triceps skinfold thickness and mid-
arm circumference of each patient. Cutoff levels for triceps
skinfold thickness and mid-arm circumference were deter-
mined arbitrarily based on the 25th percentile level of healthy
Korean adults [14].

3. Statistical analysis

Descriptive analyses were performed to summarize the
baseline characteristics of the patients. Survival time was
calculated using the Kaplan-Meier method. We performed
univariate analyses to identify significant prognostic fac-
tors using the log-rank test. We included age, sex, and vari-
ables with a p-value less than 0.05 in univariate analyses
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in the multivariate analysis. A stepwise regression analysis
was performed using the Cox proportional hazards model
to identify independent prognostic factors. Based on the
results of the final model, a risk score for each prognostic
factor was calculated by dividing the B coefficient of the
variable by the lowest B coefficient in the model. The sum
of the partial scores for each patient was calculated, which
ranged from 0 to 8.0. We determined the cutoff points for the
prediction of survival times shorter than 3 months to obtain
the highest accuracy. The discriminatory ability of the risk
score was measured using the area under the receiver ope-
rating characteristic (ROC) curve. All tests were two-sided,
and p-values < 0.05 were considered significant. Confidence
intervals (CIs) were calculated at a 95% confidence level. All
analyses were performed using JMP ver. 14 for Windows
(SAS Institute Inc., Cary, NC).

Results

We enrolled 200 patients with advanced cancer who had
visited the outpatient medical oncology clinic at a compre-
hensive cancer center of a university hospital between March
2016 and January 2019 (Table 1). The mean patient age was
64.4 years (standard deviation, 11.6 years; range, 32 to 85
years), and 128 patients (64%) were male. In total, 66% of
the patients had an ECOG performance status of 0 or 1, and
90% of them had a KPS of 70% or more. Sixty-five percent of
patients were undergoing palliative chemotherapy at the
time of enrollment. The most common cancer types were
lung (33.5%), genitourinary tract (14.5%), colorectal (14%),
and stomach cancer (10%). The median time from the diag-
nosis of advanced cancer to enrollment was 14.1 months.
With a median follow-up period of 7.7 months, 159 patients
died, and the median overall survival time was 7.6 months
(95% CI, 1.3 to 33.3).

In the univariate analyses, statistically significant poor
prognostic factors were a poor ECOG performance status
(= 2); not undergoing chemotherapy; the presence of dysp-
nea; anorexia; edema; fatigue; leukocytosis; anemia; lym-
phopenia; a low albumin level; a high level of aspartate
transaminase, lactate dehydrogenase (LDH), or C-reactive
protein; a low mid-arm circumference (< 23 cm); and a low
triceps skinfold thickness (< 0.8 cm) (Table 2). In the mul-
tivariate analysis, six factors including a poor ECOG per-
formance status (> 2), not undergoing chemotherapy, the
presence of anorexia, a low lymphocyte level (< 12%), a high
LDH level (= 300 IU/L), and a low mid-arm circumference
(< 23 cm) were independently associated with a poor prog-
nosis (Table 3). Factors with collinearity were excluded from
the final multivariate analysis.
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Table 1. Patient characteristics

Characteristic No. (%) (n=200)

Age (yr) 64.4+11.6
Sex
Male 128 (64.0)
Female 72 (36.0)
Primary cancer site
Lung 67 (33.5)
Stomach 20 (10.0)
Colon/Rectal 28 (14.0)
Breast 18 (9.0)
Ovary /Cervical 4(2.0)
Liver/Biliary tract 4(2.0)
Pancreas 4 (2.0)
Esophagus 5(2.5)
Head /Neck 4 (2.0)
Soft tissue 6 (3.0)
Prostate /Bladder/Kidney / Testis 29 (14.5)
Others 11 (5.5)
Undergoing chemotherapy (yes) 131 (64.9)
ECOG performance status
0 7 (3.5)
1 125 (62.5)
2 55 (27.5)
3 13 (6.5)
4 0
KPS
10-40 0
50 5(2.5)
60 16 (8.0)
70 68 (34.0)
80 86 (43.0)
90 25 (12.5)
100 0
Objective symptom assessment (yes)
Dyspnea 65 (32.5)
Dysphagia 11 (5.5)
Anorexia 127 (63.5)
Edema 41 (20.5)
Fatigue 148 (74.0)
Weight loss 63 (31.5)
(Continued)

A prognostic model (score, 0-8.0) was developed based on
the results of the multivariate analysis (Table 3). The score
was calculated by summating the partial scores, ranging
from 0 to 8.0. The cutoff point of 4.0 was selected because
it showed the best sensitivity and specificity in predicting
3-month survival (Table 4). The sensitivity, specificity, and
overall accuracy of the cutoff point of 4.0 were 75.6%, 83.4%,
and 81.8%, respectively. The discriminating ability of the

Table 1. Continued

Characteristic No. (%) (n=200)

Laboratory result
WBC (/uL) 6,045 (1,300-26,830)
Hemoglobin (g/dL) 11.0 (6.8-16.0)
Platelet (x10°/pL) 240.5 (234-728)
Neutrophil (%) 65.8 (29.1-94.0)
Lymphocyte (%) 20.7 (1.8-57.8)
Total bilirubin (mg/dL) 0.5 (0.2-5.8)
Albumin (mg/dL) 3.8 (2.0-4.8)
AST (IU/L) 25 (9-523)
ALT (IU/L) 19 (6-228)
LDH (IU/L) 222 (56-4,000)
Uric acid (mg/dL) 49 (1.1-15.5)
CRP (mg/dL) 0.9 (0.2-23.2)
BUN (mg/dL) 15 (4-156)
Creatinine (mg/dL) 0.8 (0.1-7.5)
Triceps skin folds thickness (cm) 1.7+0.8
Mid-arm circumference (cm) 26.5£3.8
Survival (mo) 7.6 (0.2-36.8)

Time from the date of advanced 14.1 (1.4-112.9)
cancer diagnosis (mo)
Time from the date of being 13.9 (1.4-112.9)

diagnosed incurable (mo)

Values are presented as meantSD, number (%), or median
(range). ALT, alanine transaminase; AST, aspartate transami-
nase; BUN, blood urea nitrogen; CRP, C-reactive protein; ECOG,
Eastern Cooperative Oncology Group; KPS, Karnofsky perfor-
mance status; LDH, lactate dehydrogenase; SD, standard devia-
tion; WBC, white blood cell.

prognostic model using the area under the ROC curve (AUC)
was 0.88 (Fig. 1). The median survival for patients scoring 4
.0 points or more was 2.9 months (95% CI, 2.1 to 4.3), com-
pared with 11.3 months (95% CI, 8.5 to 13.4) for patients scor-
ing less than 4.0 points (p < 0.001) (Fig. 2).

Discussion

In this prospective cohort study, we developed a com-
posite scoring system that can predict 3-month survival in
oncology outpatients. Medical oncologists can identify pati-
ents with expected survival of less than 3 months using
our model and may refer these patients to palliative care
specialists in a timely manner. Our prognostic model com-
prises six independent predictors, including a poor ECOG
performance status (= 2), not undergoing chemotherapy, the
presence of anorexia, a low lymphocyte level (< 12%), a high
LDH level (= 300 IU/L), and a low mid-arm circumference
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Table 2. Results of the univariate survival analysis

Variable No. Median survival (mo) (95% CI) p-value?

Age (yr)
<65 93 9.2(7.0-11.7) 0.313
=65 107 6.7 (5.8-8.0)

Undergoing chemotherapy
No 69 4.6 (3.3-6.0) <0.001
Yes 131 9.8 (7.9-13.3)

Dyspnea
No 135 9.6 (7.5-12.0) <0.001
Yes 65 5.8 (3.1-6.7)

Dysphagia
No 189 7.8 (6.6-9.4) 0.418
Yes 11 29 (1.3-25.1)

Appetite loss
No 73 11.7 (8.9-19.0) <0.001
Yes 127 6.4 (4.8-7.4)

Edema
No 159 8.4 (7.0-10.8) 0.008
Yes 41 3.3 (2.1-6.0)

Fatigue
No 52 13.3 (8.2-22.1) <0.001
Yes 148 6.6 (4.8-7.8)

Weight loss
No 137 8.9 (6.9-10.9) 0.071
Yes 63 6.0 (4.5-7.5)

WBC (/pL)
< 9,000 159 8.4 (6.9-11.4) <0.001
>9,000 41 3.5(2.9-5.1)

Hemoglobin (g/dL)
>9.0 174 8.0 (6.7-10.3) <0.001
<9.0 26 42 (2.1-6.3)

Platelet (x10°/pL)
<250 115 9.4 (6.7-12.7) 0.094
=250 85 6.7 (4.7-7.9)

Neutrophil (%)
<80 177 7.9 (6.7-9.8) 0.002
>80 23 3.2(2.0-4.8)

Lymphocyte (%)
=12 167 8.4 (7.2-10.9) <0.001
<12 33 4.0(2.3-4.8)

Total bilirubin (mg/dL)
<05 95 9.0 (6.7-12.6) 0.098
=05 105 6.7 (4.8-7.9)

Albumin (mg/dL)
=35 146 9.4 (7.8-12.0) <0.001
<35 54 4.0(2.4-5.2)

AST (IU/L)
<40 155 8.3 (6.9-11.3) <0.001
>40 45 44 (2.6-7.0)

(Continued to the next page)
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Table 2. Continued
Variable

ALT (IU/L)
<30
>30
LDH (IU/L)
<300
>300
Uric acid (mg/dL)
>5.0
<5.0
CRP (mg/dL)
<3.0
>3.0
BUN (mg/dL)
<15
>15
Creatinine (mg/dL)
>1.0
<1.0
Triceps skin folds thickness (cm)
>0.8
<0.8
Mid-arm circumference (cm)
>23
<23
ECOG performance status
0-1
2-3
KPS (%)
80-90
10-70

No. Median survival (mo) (95% CI) p-value?

155 7.4 (6.0-9.0) 0.918
45 8.0 (4.9-12.0)

155 9.5(7.9-11.7) <0.001
44 3.0 (2.1-3.9)
98 8.4 (6.4-11.7) 0.266

102 7.3 (5.6-8.2)

153 9.4 (7.4-11.7) <0.001
46 3.3 (2.1-5.8)
99 7.8 (6.3-9.5) 0.425

101 7.6 (5.1-10.8)

136 7.5 (5.8-8.9) 0.340
64 7.9 (6.3-14.4)

167 7.9 (6.7-9.8) 0.010
26 4.4 (2.9-7.6)

169 8.0 (6.9-10.7) <0.001
24 2.6 (1.7-4.3)

132 10.3 (7.9-12.5) < 0.001
68 4.7 (3.0-5.9)

111 11.3 (8.4-13.3) <0.001
89 4.8 (3.6-6.0)

ALT, alanine transaminase; AST, aspartate transaminase; BUN, blood urea nitrogen; CI, confidence interval; CRP, C-reactive protein; ECOG,
Eastern Cooperative Oncology Group; KPS, Karnofsky performance status; LDH, lactate dehydrogenase; WBC, white blood cell. ¥p-values

were calculated by log-rank test.

(<23 cm). The accuracy of our model reached approximately
82% with a cutoff value of 4.0.

Ideally, every advanced cancer patient should receive pal-
liative care early in the disease trajectory [1-4]. However,
there are many barriers to the early integration of palliative
care into standard oncology care. Barriers may include limit-
ed access to palliative care services and specialists with high-
ly variable palliative care infrastructures among cancer cent-
ers worldwide, heterogeneous referral patterns of individual
physicians, and patient factors leading to delayed referrals
[11,13,15,16]. Particularly, medical oncologists may focus on
next chemotherapy options, thus they may often fail to rec-
ognize the appropriate timing of referral. The main advan-
tage of our prognostic model is that it can accurately predict
3-month survival in advanced cancer patients. Thus it can

facilitate palliative care referral consequently. In addition,
it is an objective tool to minimize the interrater variability.
Although it requires some laboratory data and a short train-
ing to measure mid-arm circumference, it is an easy-to-use
scoring system that can be calculated by any health care pro-
vider. We expect that screening with our model can trigger
medical oncologists to refer their patients to palliative care
specialists before it is too late.

In advanced cancer patients, most prognostic models are
developed for terminal cancer patients who are receiving
palliative care as a sole focus of care. Externally validated
and widely used models include the Palliative Performance
Scale, Palliative Prognostic (PaP) Score, and Palliative Prog-
nostic Index [17-19]. In South Korea, the Objective Prognos-
tic Score is the only model validated and formally compared
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Table 3. A prognostic model based on the multivariate survival analysis

Variable HR (95% CI) B SE p-value?  Partial score”
Undergoing chemotherapy (yes vs. no) 1.98 (1.39-2.84) 0.69 0.18 <0.001 1
Anorexia (no vs. yes) 1.88 (1.32-2.68) 0.63 0.18 <0.001 1
Lymphocyte (= 12% vs. < 12%) 2.41 (1.57-3.68) 0.88 0.22 <0.001 15
LDH (<300 IU/L vs. =3001U/L) 3.26 (2.23-4.77) 1.18 0.19 <0.001 2
Mid-arm circumference (= 23 cm vs. < 23 cm) 2.78 (1.71-4.53) 1.02 0.25 <0.001 15
ECOG performance status (0-1 vs. 2-3) 1.64 (1.14-2.37) 0.50 0.19 0.008 1

CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; LDH, lactate dehydrogenase; SE, standard error.
Yp-values were obtained from the Cox proportional hazards model, ®The risk score of the prognostic model was calculated by summing the
partial scores of undergoing chemotherapy, anorexia, lymphocyte level, LDH level, mid-arm circumference and ECOG performance status
(range, 0-8.0).

Table 4. Accuracy of the prognostic model to predict 3-month survival according to different cutoff points

Prognostic . . Positive Negative

scorge Sensitivity (%)  Specificity (%) predictive value (%) predictivge value (%) Accuracy (7)
6 22.0 100 100 82.5 83.3
5.5 34.2 96.7 73.7 84.4 83.3
5 41.5 95.4 70.8 85.7 83.9
4.5 58.5 90.1 58.5 88.9 83.3
4 75.6 83.4 55.4 92.6 81.8
3.5 80.5 78.2 50.0 93.7 78.6
3 97.6 56.3 37.7 98.8 65.1
2.5 97.6 53.6 36.4 98.8 63.0
2 100 23.8 26.3 100 40.1

0 Area under the curve=0.88 1.0 1
Z 084
0.8 =
= S 06-
S 0.64 =
B T (4
5 04- <
@ 5
@ 0.2
0.24
0 T T T T T T
0 T T T T T 0 200 400 600 800 1,000 1,200
0 0.2 0.4 . 06 08 1.0 Survival time (day)
1-Specificity X . . . .
Fig. 2. Kaplan-Meier survival curves according to a cutoff point
Fig. 1. Receiver operating characteristic curve of prognostic of 4.0. Patients with a risk score > 4.0 (red) had a median survival
score. of 2.9 months (95% confidence interval [CI], 2.1 to 4.3), whereas

patients with a risk score < 4.0 (blue) had a median survival of
11.3 months (95% CI, 8.5 to 13.4). The difference in survival was

with other validated scales [20]. Although some studies significant (p < 0.001). It was calculated by the log-rank test.
attempted to validate the PaP score in advanced cancer
patients receiving chemotherapy [21,22], the interpretation

may be limited because this model was initially developed advanced cancer patients, and the KPS, number of meta-
in terminal cancer patients. Few studies have focused on static sites, low serum albumin, and high LDH level were
patients who are still receiving anticancer treatment [23- independent prognostic factors [23]. Another study enrolled
25]. One study predicted 2-month survival in hospitalized patients referred to a radiation oncology clinic, and the KPS,
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location of primary cancer (breast versus nonbreast), site of
metastatic disease (bone only versus others), fatigue, anorex-
ia, and dyspnea were significant factors [24]. The last study
enrolled patients treated at a French medical oncology clinic
who had failed to at least one line of chemotherapy. In this
study, a poor ECOG performance status (> 1), low lympho-
cyte count, high LDH level, high interleukin 6 level, low
serum albumin level, and low platelet count were identi-
fied as significant prognostic factors [25]. More recently,
some studies have attempted to predict prognosis in ambu-
latory cancer patients [26,27]. The PRONOPALL study
could categorize 262 patients into three distinct prognostic
groups based on four factors including ECOG performance
status, the number of metastatic sites, serum albumin, and
LDH [26]. The Barretos Prognostic Nomogram included
497 Brazilian patients at the time of the first consultation
to outpatient palliative care clinic [27]. Many patients were
still receiving anticancer treatment at the time of consulta-
tion, and five parameters including sex, presence of distant
metastasis, KPS, white blood cell count, and serum albumin
concentration could discriminate patients into three distinct
prognostic groups. The AUC for 90-day survival was 0.74.
Similar to these studies, our study identified a poor ECOG
performance status, low lymphocyte count, high LDH level,
and anorexia as independent prognostic factors. Our study
may be distinct from most of the above-mentioned studies in
that all our patients were medical oncology outpatients and
all of them had received treatment in the modern targeted
therapy and immunotherapy era. Although our model needs
external validation, the AUC for 3-month survival was high,
which was 0.88.

In the present study, whether the patient was undergoing
chemotherapy or not was an independent prognostic factor
according to the multivariate analysis. Unfortunately, we
were unable to clarify the exact reasons for not undergo-
ing systemic chemotherapy in these patients. However, we
assume that a considerable number of ambulatory medical
oncology patients with limited chemotherapy options had
participated in this study just before or at the time of formal
palliative care consultations. Many patients seek clinical tri-
als or new chemotherapeutic agents not covered by govern-
ment health insurance in our institution before considering
palliative care referrals since there are increased availabilities
of genotype-directed targeted agents and immune check-
point inhibitors. A similar phenomenon was described in a
study that analyzed the later-line use of immune checkpoint
inhibitors in patients with advanced non-small cell lung can-
cer with impaired ECOG performance status (> 2). In that
study, patients with impaired performance status had signifi-
cantly shorter survival after using immune checkpoint inhib-
itors (4.5 months in patients with ECOG performance status

>2 and 14.3 months in those with performance status 0 or 1),
and receipt of an immune checkpoint inhibitor near death
was associated with lower hospice use and an increased risk
of death in the acute care hospital [12]. Medical oncologists
should always be aware that impaired performance status
and/or a later-line chemotherapy are red flags for advanced
cancer patients who are not yet formally referred to palliative
care specialists.

Notably, mid-arm circumference was identified as a sig-
nificant prognostic factor in this study. Growing evidence
suggests that ongoing loss of skeletal muscle mass is an
important part of cancer cachexia, and may predict survival
in cancer patients [28]. Considering the complexity of assess-
ing muscle depletion, we attempted to use mid-arm circum-
ference and triceps skinfold thickness as surrogate markers.
Both were statistically significant prognostic factors in the
univariate analysis, but mid-arm circumference remained in
the final model after the multivariate analysis. In a prospec-
tive study of 4,107 men aged 60 to 79 years, a low mid-arm
muscle circumference (MAMC) level was significantly asso-
ciated with poor survival [29]. MAMC was calculated from
mid-arm circumference and triceps skinfold thickness. In
another study, mid-arm muscle area predicted mortality in
stable chronic obstructive pulmonary disease patients [30].
In our study, we could not calculate the MAMC because
there were no data on the average value of MAMC in Kore-
ans. Further studies may be required to validate and further
investigate our findings. However, mid-arm circumference is
a simple and inexpensive anthropometric measure that can
be widely accepted in busy oncology clinics. We believe that
mid-arm circumference can provide useful prognostic infor-
mation.

Our study has several limitations. First, it was conducted
at a single tertiary cancer center in a heterogeneous group
of patients in South Korea. Therefore, additional studies are
required to examine the feasibility of applying this model in
different settings worldwide. Second, some important fac-
tors including the clinician prediction of survival were not
included in the analysis. However, the inclusion criteria were
based on the oncologists” prediction of 1-year survival, and
we identified highly significant factors despite various types
of cancer and various states of disease in participants. Last,
external validation of the prognostic model has not yet been
performed.

In conclusion, our study demonstrated that the prognostic
model using ECOG performance status, chemotherapy sta-
tus, the presence of anorexia, lymphocyte levels, LDH levels,
and mid-arm circumference can predict 3-month survival in
medical oncology outpatients. We expect this model to trig-
ger medical oncologists to refer patients to palliative care
specialists before it is too late.
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