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Abstract

Purpose A four-parameter score has been identified as asso-
ciated with overall survival (OS) in patients with advanced
cancer with an estimated survival inferior to 6 months. Here,
we tested its prognostic value for OS in patients who had
received more than two lines of systemic therapy.

Methods We prospectively enrolled patients with advanced
cancer who were going to receive a third or more therapeutic
line outside classical clinical guidelines. The four parameters
(Eastern Cooperative Oncology Group performance status,
number of metastatic sites, serum LDH, and serum albumin)
were collected at baseline, allowing to calculate the score,
which sorted the patients in three groups, A, B, and C (low,
intermediate, and high score, respectively). We then searched
for correlations between this grouping and clinicopathological
features particularly OS.

Results From August 2013 to March 2014, 65 patients were
enrolled and corresponded after determining their score to 26
patients in group A, 30 in B, and 9 in C. The median OS of the
cohort was 4.4 months, and the 6-month OS was 42%. Overall
survival was different between the three groups, with respec-
tive 6-month OS equal to 80% in group A, 17% in group B,
and 0% in group C and respective median OS of 9, 2.3, and
1.6 months. Such prognostic value persisted in multivariate
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analysis. Similar OS differences were observed in patients
with PS <2.

Conclusion This simple scoring should help oncologists iden-
tify which patients, after at least two lines of systemic therapy,
might benefit from best supportive care alone.

Keywords Cancer - End of life - Chemotherapy - Prognostic
score - Supportive care - Palliative care

Introduction

In most metastatic cancers, systemic treatments are only
palliative and aim to improve the duration and quality of
life. Usually, only two or three lines of chemotherapy have
demonstrated efficacy. Beyond these recognized therapeu-
tic options, the risk of worsening the quality of life is not
acceptable outside of clinical trials. In 2012, the American
Society of Clinical Oncology expert panel [1] considered
the number one item in a top-five list of items in oncology
to be the following: “don’t use cancer-directed therapy for
solid tumor patients with the following characteristics: low
performance status (3 or 4), no benefit from prior evidence-
based interventions, not eligible for a clinical trial, and no
strong evidence supporting the clinical value of further
anti-cancer treatment.”

However, patients frequently desire chemotherapy, even at
the risk of severe side effects. In a study conducted in patients
with non-small cell lung cancer who had previously been
treated with cisplatinum-based chemotherapy, different sce-
narios were proposed to the patients to determine the mini-
mum survival benefit needed to accept the toxicity of chemo-
therapy [2]: 6% of patients would accept toxic chemotherapy
for a survival benefit of only 1 week. In the first-line setting,
many patients with cancer were willing to accept intensive
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chemotherapy for a very small chance of benefit (chance of a
cure of only 1% or life prolongation of 12 months) [3], but
would be unwilling to accept the same treatment for an in-
crease in life expectancy without a cure [4]. For oncologists, it
is thus crucial to determine when to stop aggressive anti-
cancer treatment and to propose the best supportive care
alone; it is also important to avoid collusion in the doctor-
patient communication [5].

The National Cancer Policy Board has defined poor-
quality care [6] as “when practices of known effectiveness
are being underused, practices of known ineffectiveness are
being overused, and when services of equivocal effectiveness
are being used in accordance with provider rather than patient
preference”. A review [7] focused on the theme of overly
aggressive cancer treatment, which potentially indicates
poor-quality care; crucial points included the overuse of che-
motherapy near death, the possible misuse of treatment,
resulting in high rates of emergency room visits or hospitali-
zation for end-stage patients, and the underuse of hospice
services. A simple score based on four parameters [8] was
previously defined in a series of 177 hospitalized patients with
different cancers with an estimated survival inferior to
6 months and showed an excellent prognostic value. By pro-
viding objectivity in medical and ethical decisions and the
patient-physician relationship, this scoring system might be
of importance about the treatment plan and life projections
during this critical period, for example, by defining patients
with poor prognosis for whom the life expectancy is short and
may not benefit from additional anti-cancer treatment such as
chemotherapy. The authors concluded that their prognostic
score needed further validation before its application in the
daily practice.

Here, we prospectively assessed this scoring system to de-
termine its usefulness in cancer patients who will receive a
new line of systemic chemotherapy after the second line, that
is, beyond the definite guidelines.

Patients and methods
Study design

In this prospective, unicentric study, we enrolled patients
older than 18 years who were treated at our Comprehensive
Cancer Center for a solid tumor and who would receive at
least a third line of systemic chemotherapy outside of clin-
ical guidelines and clinical trial. We excluded patients
treated for breast cancer because of the great number of
systemic therapeutic lines demonstrated as effective after
the second line [9], as well as those included in a prospec-
tive trial. The study was approved by our Institutional
Review Board (no. 15-005).

@ Springer

Scoring system

The scoring system, developed by Barbot et al. [8], is based on
four parameters: performance status (PS), number of metasta-
tic sites, and serum levels of LDH and albumin. The clinical
parameters (PS and metastatic sites) were determined the first
day of the new line of chemotherapy, and the biological pa-
rameters (LDH and albumin) were measured in the blood test
collected the day before. In the seminal paper, PS was evalu-
ated using Karnofsky Performance Status (KPS); in this study,
we used the Eastern Cooperative Oncology Group (ECOG)
scale [10] and its equivalence with the KPS scale previously
published [11]: ECOG PS 0 = KPS 100%, PS 1 = KPS 90—
80%, PS 2 = KPS 70-60%, PS 3 = KPS 50-40%, and PS
4 = KPS 30-10%. These parameters were scored as follows:
ECOG PS 0-1, 0 point (pt); ECOG PS 2, 2 pts.; ECOG PS 3—
4, 4 pts.; 1 metastatic site, 0 pt.; >2 sites, 2 pts.; LDH <600 Ul/
L 0 pt.,>600 UI/L 1 pt.; and albumin >33 g/L —3 pts., <33 g/L
0 pt. The final score was (PS + metastatic sites + LDH +
albumin) +3. The results ranged from 0 to 10. Based on this
score, we defined three groups: group A, from 0 to 3 points;
group B, from 4 to 7 points; and group C, from 8 to 10 points.

Statistical analysis

Baseline patient and disease characteristics were summarized
using descriptive analysis and compared between groups
using the Fisher’s exact test. Our primary end-point was the
overall survival (OS), calculated from the first day of enroll-
ment to death from any cause. Patients who were alive at the
end of study were censored at the date of last contact. The
follow-up was calculated from the first day of enrollment to
the last contact for event-free patients. Survival curves for
each group were estimated using the Kaplan-Meier method
and were compared between groups with the log-rank test.
Univariate and multivariate analyses for OS were done using
Cox regression analysis (Wald test). Multivariate analysis in-
corporated all variables with a p value inferior to 5% in uni-
variate analysis. The prediction performance was assessed
using Harrell’s concordance index (C-index) [12], and sensi-
tivity, specificity, and area under the receiver-operating char-
acteristics curve (AUC) for 2-, 4-, and 6-month OS. All sta-
tistical tests were two-sided at the 5% level of significance.
Statistical analysis was done using the survival package (ver-
sion 2.30) in the R software (version 2.9.1).

Results
Patients’ characteristics

We prospectively enrolled 65 patients with metastatic solid
tumors who were hospitalized for starting a third or more line
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of systemic chemotherapy at our center between August 2013
and March 2014. They included 35 males and 30 females, and
the median age at inclusion was 63 years (Table 1). The pri-
mary tumor types included colorectal cancer (22%), sarcoma
(20%), lung cancer (17%), ovarian cancer (17%), pancreatic
cancer (11%), and other cancers (14%). Patients had received
a median of three therapeutic lines (range 2—5) before inclu-
sion. During the previous lines, 42% of patients had never
achieved any objective response, 12% had achieved a stable
disease, and 46% had achieved a partial or complete response
as their best response. The new treatment regimen was
single-agent chemotherapy, polychemotherapy, or a targeted
therapy in 49, 45, and 6% of the cases, respectively. The 65
patients were sorted into three groups based on the scoring
system: group A included 26 patients, group B included 30
patients, and group C included 9 patients. The therapeutic
response to this new therapeutic line was assessable in 61
patients (four patients, one in group A, and three in group B,
died a few days after the first administration). The assessment
was both clinical and radiological and planned every 3 cycles

of chemotherapy or 2 months of targeted therapy. In case of
obvious clinical progression, the radiological assessment was
not done: four patients (all in group A) showed disease stabi-
lization for at least 68 weeks, and three (two in group A and
one in group B) achieved partial response. All patients from
group C showed disease progression at first clinical assess-
ment. As shown in Table 1, there was no significant difference
between the three groups for all tested variables, except for
patients’ sex, with more women in group A than groups B and
C, and as expected for the four parameters defining the score.

Overall survival in the whole cohort

The median follow-up of the whole cohort was 7.4 months
(range, 0.4 to 13). The median OS was 4.4 months (range, 0.4
to 13), and the 2-, 4-, and 6-month OS rates were 70% (95%
CI 60-82), 52% (95% CI 41-66), and 42% (95% CI 31-56),
respectively (Fig. 1a). The causes of death were difficult to
determine since in several cases, we could not differentiate
patients who died from toxicity from those who died from

Table 1  Baseline characteristics of patients
Characteristics Whole cohort Group A Group B Group C p value®
(N=165) (N=26) (N=30) N=9)
N (%) N (%) N (%) N (%)
Median age Years (range) 65 (25.2-86.0) 62.6 (38.0-79.0) 67.8 (41.5-86.0) 62.5 (25.2-79.0) 0.08
Sex Female 30 (46) 20 (77) 8(26.7) 2 (22) 0.0002
Male 35 (54) 6(23) 22(73.3) 7(79)
Primary tumor type Colorectal 14 (21.5) 4 (15) 8 (26.7) 2(22) 0.35
Ovary 11(17) 6(23) 4(13) 1(11)
Lung 11(7) 4(15) 3 (10) 4 (44)
Sarcoma 13 (20) 727 6 (20) 0(0)
Other 16 (25) 5(19) 9 (30) 2(22)
Median number of previous therapeutic 2 34 (52) 11 (42) 18 (60) 5 (56) 0.77
lines 3 16 (25) 9 (35) 5(17) 2(22)
4 6(9) 3(11.5) 2(7) 1(11)
>5 9 (14) 3(11.5) 5(17) 1(11)
Best response obtained with previous CR 3(5 3(11.5) 0 (0) 0(0) 0.5
therapy PR 27 (41.5) 10 (38.5) 14 (47) 3(33)
SD 8 (12) 2@8) 5(17) 1(11)
PD 27 (41.5) 11 (42) 11 (37) 5(56)
New systemic treatment Mono-CT 32 (49) 13 (50) 14 (47) 5 (56) 0.99
Poly-CT 29 (45) 11 (42) 14 (47) 4 (44)
Targeted 4(6) 2(8) 2(7) 0 (0)
therapy
Best response with new systemic treatment PR 3(5 2(8) 1(3) 0(0) 0.14
SD 4(6) 4 (16) 0(0) 0(0)
PD 54 (83) 19 (73) 26 (87) 9 (100)
ECOG performance status 0-1 32 (49) 25 (96) 7(23) 0(0) 1.59E-11
2 19 (29) 1(4) 16 (53) 2 (22)
34 14 21.5) 0 (0) 7(23) 7(78)
Number of metastatic sites 0-1 24 (37) 12 (46) 12 (40) 0(0) 0.037
>2 41 (63) 14 (54) 18 (60) 9 (100)
Serum LDH level <600 UI/L 51(78.5) 23 (88.5) 24 (80) 4 (44) 0.030
>600 UI/L 14 (21.5) 3(11.5) 6 (20) 5(56)
Serum albumin level >33 g/L 32 (49) 26 (100) 6 (20) 0(0) 7.28E~-13
<33 g/dL 33 (51 0 (0) 24 (80) 9 (100)

PD progressive disease, PR partial response, CR complete response, SD stable disease, CT chemotherapy

2 p value for statistical comparison between the three groups A, B, and C
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Fig. 1 Overall survival in the whole cohort of patients. a Kaplan-Meier OS curves in 65 patients treated with a new systemic therapy in a third or more
line. b Similar to a, but according to the three scoring groups A, B, and C

disease evolution. The median OS for groups A, B, and C
were 9 months (range, 4.2 to 13), 2.3 months (range, 0.4 to
11.6), and 1.6 months (range, 1 to 5), respectively. The 2-, 4-,
and 6-month OS rates were 100% (95% CI 100-100), 100%
(95% CI 100-100), and 80% (95% CI 66-97), respectively, in
group A, 52% (95% CI136-74), 17% (95% CI 8-38), and 17%
(95% CI 8-38), respectively, in group B, and 44% (95% CI
21-92), 33% (95% CI 13-84), and 0% (95% CI NA-NA),
respectively, in group C (Fig. 1b). Differences were significant
between groups B and A (hazard ratio HR = 5.44, 95% CI
2.62-11.3; p < 0.0001) and between groups C and A

(HR =6.41, 95% CI 2.36-17.4; p < 0.0001), but not between
groups B and C. The C-index was 84%. The sensitivity, spec-
ificity, and AUC values were 95, 55, and 80%, respectively,
for the 2-month OS; 97, 72, and 87%, respectively, for the 4-
month OS; and 84, 70, and 85% for the 6-month OS.

We tested all baseline characteristics in an exploratory
prognostic analysis for OS. In univariate analysis (Table 2),
the female sex, the colorectal primary tumor site, and group A
were favorable prognostic variables, whereas the patients’
age, the best response to previous therapies, and the number
and the type of current therapeutic line were not associated

Table 2 Univariate prognostic

analysis for OS Characteristics HR [95% CI] p value
Age 1.01 [0.98-1.04] 0.53
Sex Male vs. female 3.29[1.72-6.28] 3.00E-04
Primary tumor type Lung vs. colorectal 0.49[0.18-1.31] 0.047

Ovary vs. colorectal 0.23 [0.08-0.67]
0.42[0.17-1.04]

0.87[0.39-1.95]

Sarcoma vs. colorectal

Other vs. colorectal

Median number of previous therapeutic 3vs.2 0.69 [0.32-1.45] 0.31
lines 4vs.2 0.60 [0.20-1.74]
Svs.2 1.89 [0.65-5.48]
6vs. 2 0.41[0.10-1.77]
7 vs. 2 2.7710.36-21.19]
Best response obtained with previous PR vs. PD 0.74 [0.39-1.42] 0.63
therapy SD vs. PD 1.29 [0.54-3.10]
New systemic treatment Poly-CT vs. mono-CT 1.11 [0.60-2.05] 0.76
Targeted therapy vs. 0.71 [0.21-2.44]
mono-CT
Score-based group Bvs. A 5.4412.62-11.3] 1.24E-05
Cvs. A 6.41 [2.36-17.4]

PD progressive disease, PR partial response, CR complete response, SD stable disease, CT chemotherapy
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with OS. In multivariate analysis (Table 3), the score-based
grouping was the sole independent prognostic variable.

Overall survival in patients with PS inferior or equal to 2

At inclusion, 14 patients (7 out of 30 from group B and 7 out
of 9 from group C) had a very poor performance status of 3—4,
usually contra-indicating systemic chemotherapy. Thus, we
did a post hoc unplanned subgroup analysis of survival in
the 51 patients with a PS 0-2. The median OS were 6.3 months
(range, 0.4 to 13) for all patients, 9 months (range, 1 to 13) in
group A (26 patients), and 2.5 months (range, 0.3 to 11.6) in
group B (23 patients). The 4-month OS was 100% (95% CI
100-100) in group A and 23% (95% CI 11-49) in group B
(p =2.49E-05, log-rank test; Fig. 2). Group C was not includ-
ed in the per-group analysis because of the small number of
patients (N = 2).

Discussion

This prospective analysis confirmed the prognostic value of
the previously developed scoring system [8] in a population of
heavily pretreated cancer patients who had received a new line
of systemic chemotherapy beyond at least the second line and
the usual guidelines.

This score is very easy to calculate and is based on two
clinical (PS, number of metastatic sites) and two biological
(serum LDH and albumin levels) parameters. In the seminal
study, the score produced three different groups of patients in a
palliative care setting, one with a very poor survival (score 8—
10, group C; 8.3% 2-month OS), one with an intermediate
survival (score 4-7, group B; 42.7% 2-month OS), and one
with a better survival (score 0 to 3, group A; 92.2% 2-month
0OS). In our population of patients who had progressed after at
least two validated chemotherapy regimens, the clinical out-
come was very poor with a median OS equal to 4.4 months.
Interestingly, the same score-based patients’ grouping identi-
fied three groups with different survival and might be helpful
to better tailor treatment: group A patients had a median OS of

Table 3  Multivariate prognostic analysis for OS

Characteristics HR [95% CT] p value

Sex Male vs. female 1.26 [0.51-3.12] 0.62

Primary tumor Lung vs. colorectal ~ 0.38 [0.12-1.24] 0.11

type Ovary vs. colorectal ~ 0.28 [0.07-1.03]  0.06
Sarcoma vs. 0.55[0.21-1.41] 0.21
colorectal

Other vs. colorectal ~ 0.81 [0.35-1.86] 0.62
4.64[1.92-11.21] 6.5E-04

7.15[2.01-25.41] 2.4E-03

Score-based group B vs. A
Cvs. A

9 months, better than those of groups B and C with, respec-
tively, median OS of 2.3 and 1.6 months. This difference was
also robust among patients who had a performance status of
0-2 at inclusion with a median OS of 9 months in group A
(100% 4-month OS) versus 2.7 months in group B (23% 4-
month OS). Regarding the scoring system, we have used the
ECOG performance status (PS) in this analysis, whereas the
Karnofsky Performance Score (KPS) was the criteria used by
Barbot et al. But these scores are interconvertible [13] with
published equivalence rules that we used here [11].

Several scores have been developed to evaluate the life
expectancy of patients in the palliative setting. The most used
and validated score is the Palliative Prognostic Score (PaP
Score) [14], based on six predictive factors: dyspnea, anorex-
ia, KPS, total white blood cell count, lymphocyte percentage,
and clinical prediction of survival (CPS). The PaP Score is
expressed as the probability of survival at 30 days. The
Victoria Hospital developed a palliative performance score
(PPS) in 1996 and updated it in 2006. This score is derived
from the KPS and includes in the second version the ambula-
tion capacity, activity, and evidence of disease importance,
self-care, food intake, and the consciousness level of the pa-
tient. The score is expressed from 0 (death) to 100% (no lim-
itation and no evidence of disecase). The score has been used
several times with moderate accuracy to predict survival [15,
16]. PPS was also used in a retrospective setting to study the
performance status of patients before the start of a new che-
motherapy cycle for advanced cancer. The conclusion was that
few patients with a poor PS could begin a new line of chemo-
therapy. Another score, the prognostic palliative index (PPI),
was developed and validated in Japan for terminally ill pa-
tients and included more physical symptoms than other
scores; it was based on oral intake, resting dyspnea, delirium,
performance status, and the severity of edema [17]. The PPI
was also validated in an Irish cohort in a prospective setting
and identified patients with a median survival between 68 days
(PPI <4) and 5 days (PPI >6) [18]. Finally, studies that com-
pared these scores concluded that they were not substantially
different in terms of accuracy in predicting death and could
even be interchangeable with the ECOG or KPS [19].
Interestingly, a recent study [20] showed that these prognostic
scores, which incorporate objective clinical and biological
variables, are more accurate than a subjective variable such
as the CPS, further supporting their use.

However, our study was conducted not only to assess the
prognosis of patients near the end of their life but also to
provide physicians and cancer patients with information
allowing avoiding unproven systemic treatment in patients
who had previously received at least two chemotherapy lines.
We did not include breast cancer patients because multiple
lines of systemic therapy exist and are more numerous than
in the other solid tumors treated in our institute. Such situation
is very frequent, and a recent review concerning the
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aggressiveness of cancer care near the end of life [7] reported
that, from the SEER results, the proportion of patients still
receiving chemotherapy within 14 days before death rose
from 9.7% in 1993 to 11.6% in 1999, despite data showing
that overly aggressive cancer treatment potentially indicates
poor-quality care. The authors suggested different explana-
tions for such decisions [21]. For the physician, they could
be seen as a source of hope, they were often easier to recom-
mend, and they could be driven by anecdotal experience. On
the other hand, the patients may request an aggressive treat-
ment because they have unrealistic expectations about their
actual prognosis and the benefit of chemotherapy. More re-
cently, a cohort study from Ontario [22] confirmed that the
aggressiveness of cancer care near the end of life increased
with time and that patients were currently more likely to re-
ceive chemotherapy, to visit the emergency department, and to
be admitted to the intensive care unit. However, these rates,
and particularly those of chemotherapy and intensive care unit
admissions, were far less common in Canada than in the USA,
perhaps due to differences in health system characteristics. In
Korea, this trend was also described by Lee et al. [23], who
showed that the likelihood of receiving chemotherapy during
the last month of life increased in 2005 (2-fold) and 2010 (4.4-
fold) compared with that in the year 2000. In a recent study of
1193 US patients [4], 69% of those with lung cancer and 81%
of those with colorectal cancer did not report understanding
that chemotherapy was not at all likely to cure their cancer,
thus compromising their ability to make informed treatment
decisions. Moreover, if a physician improved the understand-
ing of the patient, this action could come at the cost of the
patient’s satisfaction with the physician. Indeed, patients who
reported a higher score for physician communication were at a
higher risk for inaccurate expectations.

However, some studies have shown that if some cancer
patients could accept toxic treatment for even a 1% of chance
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of a cure, most would be unwilling to accept the same treat-
ment for a benefit in life expectancy without a cure. This
misunderstanding could represent an obstacle to optimal
end-of-life planning and care. However, in a study focused
on cancer patients’ role in treatment decisions [24], the shared
control between physicians and patients was great when there
was good evidence to support the treatment, but when there
was either no evidence for or evidence against a treatment, the
physician control was greater than the patient control. The
authors concluded that “better strategies for shared decision
making may be needed when there is no evidence to support
benefit of a treatment or when patients have terminal illnesses
that cannot be cured.” Thus, our target must be physicians.
However, in a recent series of 722 patients with metastatic
lung or colorectal cancer [25], 18% received chemotherapy
in the last month of life; surprisingly, this percentage was the
same for those who knew that chemotherapy was not at all
likely to cure their cancer (21.7%) and for those who did not
(15.8%).

The score we prospectively studied here in this short series
could help physicians to identify the patients who will die
shortly after initiation of this “new therapeutic line” and
who might be spared the constraints and toxicity of treatment
and be immediately directed towards the best supportive care
[26]. It could also help patients in their decision-making [27].
Taking into account the small sample size of our study, it will
be of interest to go further with a better designed study includ-
ing more patients to have “evidence-based” data in this spe-
cific setting. Of course, this score does not provide informa-
tion to determine whether a patient with a better prognosis will
actually derive benefit from this treatment. However, a recent
prospective study [28] examined the effect of chemotherapy
use on the quality of the last 2 weeks of life in a cohort of 312
patients, of whom 51% received chemotherapy and 49% did
not. Chemotherapy use was not associated with patient
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survival; it was more common in patients with good perfor-
mance status (PS 0-1) at study entry. However, among these
PS 0-1 patients, chemotherapy use was associated with a low-
er quality of life near death than was non-use. In patients with
moderate (PS 2) or poor (PS 3) baseline performance status,
the use of chemotherapy did not improve quality of life near
death. The authors concluded that the quality of life near death
in patients with end-stage cancer is not improved and can be
harmed by chemotherapy use near death, even in patients with
good performance status. In a commentary concerning this
paper, Blanke and Fromme [29] said that equating treatment
with hope is inappropriate and that, if an oncologist suspects
the death of a patient within the subsequent 6 months, the
default should be no active treatment.

In conclusion, this simple score based on four parameters
(performance status, number of sites, serum LDH, and albu-
min) has a prognostic value in patients with different types of
solid cancers who receive systemic chemotherapy beyond the
second line. The main limitations of our study include the
small sample size and the heterogeneity of population in terms
of types of primary tumor and of number of previous lines of
chemotherapy (between 2 and 5). But our goal was to assess
this score. There was not previous sample size justification
because our objective was to test in a limited and
predetermined period of time the hypothesis that this score
could be of interest even in a small cohort of patients. Of
course, our results need to be confirmed in a prospective larger
study, but yet they suggest that this score could be useful to
help patients and physicians refrain from giving systemic che-
motherapy when it will likely be harmful and inefficient.
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