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Abstract
The aim of this retrospective study was to investigate the prognostic significance of pre-treatment immunological and nutritional statuses in
patients with locally advanced gastric cancer (GC), and to use the risk factors to develop a predictive score. A total of 731 patients who
underwent gastrectomy for stage II/III GC from November 2010 to December 2015 were recruited into this retrospective study. On the basis of
univariate and further multivariate Cox regression analyses, decreased pretreatment lymphocyte count (<1·5× 109/litre) and prealbumin
concentrations (<180mg/l) were identified to be independently associated with poorer overall survival (OS) and disease-free survival (DFS).
Low albumin concentrations (<33 g/l) were identified as an independent risk factor only for OS, but not for DFS. Thereafter, patients who had
a decreased prealbumin concentration and lymphocyte count were given a combination of serum prealbumin concentration and lymphocyte
count (Co-PaL) score of 2. Patients with only one or neither of these concentrations were given a Co-PaL score of 1 or 0, respectively. Both the
OS and the DFS time were inversely related to the Co-PaL scores, and the differences among the three groups were all significant. In contrast,
the prognosis did not differ significantly between patients with good nutrition and those with mild to moderate malnutrition according to the
prognostic nutritional index. This study indicated that the simple scoring system could accurately predict the prognosis of patients who
underwent gastrectomy for stage II/III GC. The score might be helpful in terms of clinical preoperative decision-making.
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Gastric cancer (GC) is one of the most commonly diagnosed
malignancies worldwide and the second leading cause of
cancer-related deaths in China, with radical gastrectomy and
lymphadenectomy as the mainstay treatment(1–3). Despite
progress in multidisciplinary treatments, including surgery,
chemotherapy and biologically targeted therapy, long-term
survival remains poor in those individuals with advanced-
stage GC(4). The tumour–lymph node–metastasis (TNM) sta-
ging system, the most commonly used criteria to predict GC
patients’ long-term outcomes, is based on postoperative
pathological results(5), effectively limiting such indices in terms
of clinical preoperative decision-making and applicability.
Moreover, we often encounter patients in whom the prognosis
differs significantly from what is predicted according to the
pathological TNM stage, stressing the need for research to

understand better the biology of the disease and additional
risk factors for relapse(6–8).

There is a growing body of evidence that preoperative
immunological and nutritional statuses are significantly related
not only to postoperative morbidities but also to long-term sur-
vival of patients with various malignancies(6–12). The lymphocyte
count and serum albumin concentration were the most com-
monly used indicators for defining the immunological and
nutritional status, based on which several indices have been
explored for various malignancies, including the neutrophil:
lymphocyte ratio (NLR) and the prognostic nutritional index
(PNI)(7,11,13–15). Given that it has a shorter half-life and smaller
body pool, prealbumin may serve as a more sensitive marker
than albumin to assess the nutritional status of a patient(12,16,17).
Recently, several studies have reported that prealbumin is a very

Abbreviations: Co-PaL, combination of serum prealbumin concentration and lymphocyte count; DFS, disease-free survival; GC, gastric cancer; HR, hazard ratio;
NLR, neutrophil:lymphocyte ratio; OS, overall survival; PNI, prognostic nutritional index.
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strong prognosticator in patients with malignancies including
lung and oesophageal cancer, and renal cell carcinoma(12,18–20).
However, whether the results would be the same in patients with
GC has not been investigated in detail.
Therefore, we hypothesised that a novel predictive index

based on the combination of serum prealbumin concentration
and lymphocyte count (Co-PaL) score would be a better indi-
cator for prognosis than other prognostic scores in patients who
underwent radical gastrectomy for advanced GC. This question
was addressed by conducting a retrospective study in patients
with stage II/III GC using multivariate Cox regression analysis.

Methods

Design and patients

A total of 1749 consecutive patients undergoing operations for
pathologically confirmed gastric adenocarcinoma between
November 2010 and December 2015 in our hospital were
reviewed. Exclusion criteria and the flow chart of the study are
shown in Fig. 1. Chronic liver disease was diagnosed in patients
with chronic viral hepatitis or cirrhosis, and kidney disease was
delimited by an estimated glomerular filtration rate <60ml/min
per 1·73m2 (21). The present study was conducted according to
the guidelines laid down in the Declaration of Helsinki, and was
approved by the ethics committee of the Affiliated Cancer
Hospital of Xiangya School of Medicine, Central South University.
Written informed consents were obtained from all participants.

Perioperative management and follow-ups

All operations were performed or supervised by gastrointestinal
surgeons with sufficient experience of D2 or D2+ radical
gastrectomy. Lymphadenectomy and gastric reconstruction

were determined according to the Japanese GC treatment
guidelines(3). The main surgical procedures and perioperative
managements have been described in our previous study(22).
Adjuvant chemotherapy was applied in a standard manner with
fluorouracil- and platinum-based regimens (such as S-1 and
oxaliplatin) within 6 months after surgery. A few patients with
massive lymph node metastasis were given adjuvant concurrent
chemoradiotherapy.

All of the patients were followed up at 1 month after surgery,
and then at 3-monthly periods for the first 2 years, every 6months
between year 3 and year 5 and then at 12-monthly intervals.
Patients who failed to attend their follow-up visit were sent an
e-mail or letter and/or received a phone call. Follow-up of all the
patients included in the present study was completed in
December 2017. Physical examination and serum tumour mar-
kers were measured at each follow-up. Computed tomography
scans and/or ultrasonography were carried out at 6-month
intervals during the 5 years after surgery, and endoscopy
was performed at 2-year intervals. MRI, positron emission
tomography and/or biopsy was performed when recurrence
or distant metastasis was suspected. Chemotherapy, chemo-
radiotherapy, molecular targeted drugs, traditional Chinese
herbal drugs and conservative treatment, either alone or in
combination, were the main treatments for those with tumour
recurrence. Very few patients had the opportunity to undergo
resection.

Data collection and outcomes

Data on patient demographics, co-morbidities, operative details
and pathological results were obtained from medical records.
The seventh edition of the Union for International Cancer
Control on cancer staging system was used for grading the
tumours(23).

Adult patients (aged ≥ 18 years) underwent surgery for gastric
cancer from November 2010 to December 2015 (n 1749)

Exclusion (n 1018):

(1) Non-resection surgery (n 107)

(2) Palliative surgery (n 111)

(3) Remnants of gastric cancer (n 16)

(4) Emergency operation (n 10)

(5) Other synchronous malignancies (n 17)

(6) R1 resection (n 24)

(7) Death within 3 months after initial surgery (n 45)

(8) UICC stage I (n 335)

(9) Chronic liver and/or kidney diseases (n 217)

(10) Missing data on laboratory data (n 81)

(11) Missing data on follow-up (n 55)

Included (n 731)

Fig. 1. Flow chart.
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Routine laboratory measurements, such as the serum
concentration of albumin and prealbumin and leucocyte,
neutrophil, monocyte, lymphocyte and platelet counts, were
measured in all patients up to 7 d before surgery. The NLR was
defined as the absolute neutrophil count divided by the abso-
lute lymphocyte count. The PNI was calculated as follows:
serum albumin value (g/l) + 0·005× total lymphocyte count in
the peripheral blood (per mm3). According to a previous
study(21), patients who had a PNI score >50 were considered to
have good nutrition, those with a PNI score of 40–50 were
considered to have mild to moderate malnutrition and those
with a PNI score <40 were considered to have severe
malnutrition.
The assessed primary outcomes were overall survival (OS)

and disease-free survival (DFS). OS was measured from surgery
to death from any cause or the last follow-up. DFS was mea-
sured from surgery to recurrence of the tumour, the last follow-
up or the date when the patient died.

Definition of cut-off values

The X-tile program (3.6.1 software 20, http://medicine.yale.
edu/lab/rimm/research/software.aspx) was used to determine
the optimal cut-off values of serum albumin and prealbumin
concentrations, lymphocyte, leucocyte, neutrophil, monocyte
and platelet counts, and NLR for OS, as mentioned pre-
viously(6,24), whereas for other commonly quoted variables,
such as BMI, anaemia and carcinoembryonic antigen, standard
clinical thresholds were used as previously reported.

Statistical analysis

Statistical analyses were performed using the IBM SPSS version
24.0 software (IBM Corporation). Continuous data are pre-
sented as the means and standard deviations or medians and
ranges, and comparisons were made on data that were nor-
mally distributed using the Student’s t test. All categorical vari-
ables were presented as percentages and numbers, and
comparisons were made using a Fisher’s exact or χ2 test. DFS
and OS were calculated using the Kaplan–Meier method, and
any differences were assessed by the long-rank test. All vari-
ables with a P-value ≤0·1 in the univariate analysis were
entered into a multivariate Cox regression model, to reveal the
independent risk factors influencing OS and DFS. A two-sided
P-value <0·05 was considered to be statistically significant.

Results

Characteristics of patients

Overall, 1749 patients were identified, with 731 with stages II
and III GC who satisfied the inclusion criteria (Fig. 1). The
clinical, laboratory and pathological characteristics of the cohort
of the 731 patients are listed in Table 1. In all, 67% (n 492) of
the patients were male and 33% (n 239) were female, with an
average of 54·55 (SD 10·96) years (range, 19–79) and 21·48
(SD 2·91) kg/m2 (range, 13·84–32·82) for age and BMI, respectively.
On the basis of the seventh edition of the Union for

International Cancer Control TNM staging system, there were 49
(6·7%), 152 (20·8%), 118 (16·1%), 160 (21·9%) and 252
(34·5%) patients in stages IIA, IIB, IIIA, IIIB and IIIC, respec-
tively. The majority of the patients (n 545, 74·6%) received
fluorouracil- and platinum-based adjuvant chemotherapy
within 6 months of surgery, of whom twenty-nine (4·0%) with
massive lymph node metastasis received adjuvant concurrent
chemoradiotherapy.

Cut-off values of variables

According to the X-tile program, the lymphocyte count, serum
prealbumin and albumin concentrations cut-off values for OS
were 1·5× 109/litre, 180mg/l and 33 g/l with maximum χ2 long-
rank values of 11·5 (P= 0·02), 10·93 (P< 0·01) and 7·65
(P= 0·11), respectively (Fig. 2). Similarly, the optimal cut-off
values of leucocyte, neutrophil, monocyte and platelet counts
and NLR were 5·9× 109/litre, 2·1× 109/litre, 0·5× 109/litre,
245× 109/litre and 2·8, respectively (online Supplementary
Fig. S1).

Risk factors for survival

On the basis of univariate analysis and further multivariate Cox
regression analysis to adjust for potential confounders (factors
with a P-values ≤0·1 in univariate analysis), the following fac-
tors were clarified as negative independent prognosticators for
OS: lymphocyte count <1·5× 109/litre (hazard ratio (HR): 1·351,
95% CI 1·082, 1·686, P= 0·008), albumin <33 g/l (HR: 1·305,
95% CI 1·008, 1·689, P= 0·043), prealbumin <180mg/l (HR:
1·362, 95% CI 1·094, 1·695, P= 0·006), serous invasion (T4)
(HR: 2·499, 95% CI 1·684, 3·706, P< 0·001) and lymph node
metastasis (HR: 2·089, 95% CI 1·525, 2·863, P< 0·001). No other
variable such as being older, pretreatment anaemia or blood
transfusion was identified as an independent predictor for a
reduction of OS (Table 2).

Similarly, a lymphocyte count <1·5× 109/litre (HR: 1·323,
95% CI 1·058, 1·655, P= 0·014), prealbumin <180mg/l (HR:
1·369, 95% CI 1·099, 1·706, P= 0·005), serous invasion (HR:
2·384, 95% CI 1·617, 3·516, P< 0·001) and lymph node metas-
tasis (HR: 2·080, 95% CI 1·517, 2·852, P< 0·001) were identified
as independent predictive factors for a decrease in DFS.
Although patients with a decreased albumin concentration
(<33 g/l) seemed to have a possible trend towards a poorer
DFS, the difference slightly exceeded the traditional significance
level (P= 0·057) (Table 3).

Definition of combination of serum prealbumin
concentration and lymphocyte count score

According to the results determined by multivariate Cox
regression analysis, patients with a prealbumin concentration
<180mg/l and a lymphocyte count <1·5× 109/litre were given a
Co-PaL score of 2, indicating severe malnutrition. Patients with
one of these conditions were given a Co-PaL score of 1, indi-
cating mild to moderate malnutrition. Patients with neither of
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Table 1. Relationship between combination of serum prealbumin concentration and lymphocyte count (Co-PaL) scores and clinicopathologic character-
istics of patients undergoing radical gastrectomy for stage II/III gastric cancer (n 731)
(Numbers and percentages; mean values and standard deviations)

Co-PaL score

0 (n 290) 1 (n 306) 2 (n 135)

Variables n % n % n % P

Sex 0·038
Male 181 62·4 221 72·2 90 66·7
Female 109 37·6 85 27·8 45 33·3

Age (years) <0·001
Mean 52·11 55·64 57·31
SD 10·42 10·79 11·48

BMI (kg/m2) <0·001
Mean 22·06 21·18 20·93
SD 2·79 2·92 2·98

ASA score 0·003
1 38 13·1 38 12·4 15 11·1
2 221 76·2 228 74·5 84 62·2
3 30 10·3 38 12·4 35 25·9
4 1 0·3 2 0·7 1 0·07

Co-morbidities 0·078
Yes 73 25·2 93 30·4 48 35·6
No 217 74·8 213 69·6 87 64·4

Preoperative blood transfusion <0·001
Yes 14 4·8 26 8·5 39 28·9
No 276 95·2 280 91·5 96 71·1

Carcinoembryonic antigen (ng/ml) 0·386
Mean 3·56 5·28 4·22
SD 8·06 21·69 7·27

Leucocyte count (×109/litre) <0·001
Mean 6·63 6·04 5·57
SD 1·79 1·84 1·90

Lymphocyte count (×109/litre) <0·001
Mean 2·11 1·72 1·12
SD 0·57 0·64 0·28

Neutrophils (×109/litre) 0·394
Mean 3·85 3·70 3·89
SD 1·52 1·70 1·87

Monocytes (×109/litre) 0·002
Mean 0·50 0·48 0·44
SD 0·17 0·19 0·17

Platelet count (×109/litre) 0·442
Mean 241·77 250·72 246·04
SD 65·94 93·93 101·21

Hb (g/l) <0·001
Mean 126·07 114·47 98·24
SD 21·16 22·89 25·73

Albumin (g/l) <0·001
Mean 38·00 36·66 34·84
SD 4·61 4·44 4·62

Prealbumin (mg/l) <0·001
Mean 242·78 181·42 134·22
SD 54·78 64·48 33·29

Depth of invasion* 0·183
T1 6 2·1 3 1·0 2 1·5
T2 29 10·0 30 9·8 11 8·1
T3 5 1·7 9 2·9 9 6·7
T4 250 86·2 264 86·3 113 83·7

Lymph node metastasis stage* 0·176
N0 68 23·4 58 19·0 24 17·8
N1 67 23·1 58 19·0 23 17·0
N2 62 21·4 86 28·0 33 24·4
N3 93 32·1 104 34·0 55 40·7

TNM stage* 0·124
II 86 29·7 76 24·8 28 20·7
III 204 70·3 230 75·8 107 79·3

Adjuvant chemotherapy 0·353
Yes 215 74·1 235 76·8 95 70·4
No 75 25·9 71 23·2 40 29·6

ASA, American Society of Anesthesiologists; TNM, tumour–lymph node–metastasis.
* Tumour stages are based on seventh edition of the Union for International Cancer Control TNM classification.
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these conditions were given a Co-PaL score of 0, indicating
good nutrition.
The Co-PaL score was 0 for 290 patients (39·7%), 1 for 306

patients (41·9%) and 2 for 135 patients (18·5%), respectively. As
shown in Table 1, patients with a greater Co-PaL score seemed
to be older, with a smaller BMI, a greater American Society of
Anesthesiologist score, lower Hb, albumin and prealbumin
concentrations, more commonly needed a preoperative blood
transfusion and had lower leucocyte, monocyte and lympho-
cyte counts. Although there was a tendency towards a higher
rate of lymph node metastasis and stage III diseases in patients
with greater Co-PaL scores, the difference did not reach a sta-
tistically significant level (all P> 0·05).

Prognostic value of the combination of serum prealbumin
concentration and lymphocyte count score

The median follow-up period in this study was 33 months
(range, 3–86), with a median OS of 52 months. A total of 333
patients (45·6%) died during the follow-up time, of whom 111
(38·3%), 144 (47·1%) and 78 (57·8%) patients belonged to the
Co-PaL score 0, 1 and 2 groups, respectively (P= 0·001).

Tumour recurrence was identified in 326 patients (44·6%) in the
entire cohort, with 112 (38·6%), 138 (45·1%) and 76 (56·3%)
patients in the PaL score 0, 1 and 2 groups, respectively
(P= 0·003).

The 1-, 3- and 5-year OS rates in the Co-PaL score 0 group
were 93·6, 69·1 and 54·8%, which were significantly greater
than those in the Co-PaL score 1 group (90·8, 59·7 and 43·7%,
P= 0·005), and those in the Co-PaL score 2 group (84·2, 51·3
and 36·2%, P< 0·001). Unsurprisingly, the OS rates in the
Co-PaL score 1 group were statistically better than those in the
Co-PaL score 2 group (P= 0·039). The median OS time was
75·0, 48·0 and 38·0 months in the Co-PaL score 0, 1 and 2
groups, respectively (Fig. 3(a)).

The 1-, 3- and 5-year DFS rates in the Co-PaL score 0 group
were 85·6, 65·1 and 53·2%, which were significantly greater
than those in the Co-PaL score 1 group (78·9, 53·4 and 42·1%,
P= 0·018) and those in the Co-PaL score 2 group (70·5, 47·0 and
29·6%, P< 0·001). Similarly, the difference of DFS rates
between the Co-PaL score 1 and 2 groups was statistically sig-
nificant (P= 0·048). The median DFS time was 72·0, 41·0 and
32·0 months in the Co-PaL score 0, 1 and 2 groups, respectively
(Fig. 3(b)).
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Fig. 2. X-tile analyses of overall survival performed using patients’ data to determine the optimal cut-off values for the lymphocyte count, serum prealbumin and
albumin concentrations. In the left panels, the X-axis represents all potential cut-off values from low to high (left to right) that define a low subset, whereas the Y-axis
represents the cut-off values from high to low (top to bottom) that define a high subset. Red coloration of a cut-off value indicates an inverse correlation with time to
recurrence, and the green coloration represents direct associations. The optimal cut-off values highlighted by the black circles in the left panels are shown in the
histograms of the entire cohort (middle panels). Kaplan–Meier plots are displayed in the right panels, where blue represents the low subgroup and grey represents the
high subgroup. The optimal cut-off values for the lymphocyte count, serum prealbumin and albumin concentrations are 1·5× 109/litre, 180mg/l and 33g/l, respectively.
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We further assessed the discriminatory ability of PNI. The
1-, 3- and 5-year OS rates in patients with good nutrition (PNI
score >50, n 152) were 93·2, 70·2 and 53·8%, which were
significantly greater than those in patients with severe

malnutrition (PNI score <40, n 111) (83·4, 48·7 and 31·9%,
P< 0·001). Moreover, the 1-, 3- and 5-year OS rates in the mild to
moderate malnutrition group (PNI score 40–50, n 468, 92·1, 62·3
and 49·2%) were significantly greater than those in the severe

Table 2. Univariate analysis (UV) and multivariate analysis (MV) of prognostic factors for overall survival (OS) after radical resection of stage II/III gastric
cancer (n 731)
(Numbers and percentages; medians and standard deviations; hazard ratios (HR) and 95% confidence intervals)

OS (months) UV MV MV

Variables n % Median SD P HR 95% CI P

Sex
Male 492 67·3 50·0 4·4 0·388
Female 239 32·7 60·0 6·2

Age (years)
≥65 146 20·0 46·0 6·7 0·103
<65 585 80·0 57·0 4·7

BMI (kg/m2)
≥18·5 629 86·0 54·0 5·6 0·202
<18·5 102 14·0 48·0 6·3

ASA score
≥3 107 14·6 46·0 4·2 0·032 0·234
<3 624 85·4 57·0 6·1

Co-morbidities
Yes 214 29·3 57·0 6·9 0·904
No 517 70·7 52·0 5·3

Pre-treatment anaemia* 0·887
Yes 302 41·3 43·0 3·2 0·002
No 429 58·7 62·0 6·7

Preoperative blood transfusion 0·017 0·507
Yes 79 10·8 39·0 4·7
No 652 89·2 57·0 5·2

Carcinoembryonic antigen (ng/ml) 0·042 0·184
≥5 110 15·0 44·0 6·7
<5 621 85·0 57·0 4·8

Leucocyte count (×109/litre) 0·411
≥5·9 356 48·7 60·0 5·7
<5·9 375 51·3 48·0 4·7

Lymphocyte count (×109/litre) 0·001 0·008
≥1·5 474 64·8 62·0 6·3 1·351 1·082, 1·686
<1·5 257 35·2 42·0 3·3

Neutrophils (×109/litre) 0·057 0·122
≥2·1 660 90·3 51·0 3·9
<2·1 71 9·7 Undefined‡

Monocytes (×109/litre) 0·790
≥0·5 304 41·6 52·0 6·9
<0·5 427 58·4 53·0 4·6

Platelet count (×109/litre) 0·006 0·164
≥245 299 40·9 43·0 4·2
<245 432 59·1 66·0 6·6

Albumin (g/l) 0·004 0·043
≥33 599 81·9 57·0 5·9 1·305 1·008, 1·689
<33 132 18·1 43·0 5·1

Prealbumin (mg/l) 0·001 0·006
≥180 412 56·4 62·0 3·9 1·362 1·094, 1·695
<180 319 43·6 46·0 4·0

Neutrophil:lymphocyte ratio <0·001 0·237
≥2·8 203 27·8 43·0 4·9
<2·8 528 72·2 62·0 6·2

Depth of invasion† <0·001 <0·001
T4 627 85·8 48·0 4·2 2·499 1·684, 3·706
T1–3 104 14·2 Undefined‡

Lymph node metastasis <0·001 <0·001
Positive 581 79·5 46·0 3·1 2·089 1·525, 2·863
Negative 150 20·5 Undefined‡

ASA, American Society of Anesthesiologists.
* Defined as Hb concentration <120g/l in males and <110g/l in females.
† Tumour stages are based on seventh edition of the Union for International Cancer Control TNM classification.
‡ The specific median OS time is too long to be determined in this subgroup during the follow-up.
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malnutrition group (P< 0·001). However, the differences of OS
and DFS between the patients with good nutrition and those with
mild to moderate malnutrition were not significantly different
(P= 0·107 and 0·193) (Fig. 3(c) and (d)).

Discussion
Although a number of studies have investigated the influence of
pretreatment immunological and nutritional statuses on the
oncological outcomes of GC patients after curative resection,

Table 3. Univariate analysis (UV) and multivariate analysis (MV) of prognostic factors for disease-free survival (DFS) after radical resection of stage II/III
gastric cancer (n 731)
(Numbers and percentages; medians and standard deviations; hazard ratios (HR) and 95% confidence intervals)

DFS (months) UV MV MV

Variables n % Median SD P HR 95% CI P

Sex
Male 492 67·3 48·0 5·2 0·655
Female 239 32·7 55·0 10·9

Age (years)
≥65 146 20·0 43·0 9·8 0·395
<65 585 80·0 51·0 6·0

BMI (kg/m2)
≥18·5 629 86·0 55·0 6·0 0·398
<18·5 102 14·0 47·0 9·8

ASA score
≥3 107 14·6 36·0 3·6 0·054 0·170
<3 624 85·4 60·0 7·8

Co-morbidities
Yes 214 29·3 53·0 12·6 0·752
No 517 70·7 50·0 6·0

Pre-treatment anaemia* 0·890
Yes 302 41·3 36·0 6·4 0·017
No 429 58·7 60·0 6·6

Preoperative blood transfusion 0·031 0·234
Yes 79 10·8 31·0 8·5
No 652 89·2 58·0 6·6

Carcinoembryonic antigen (ng/ml) 0·081 0·253
≥5 110 15·0 36·0 5·8
<5 621 85·0 53·0 5·8

Leucocyte count (×109/litre) 0·218
≥5·9 356 48·7 55·0 5·6
<5·9 375 51·3 46·0 6·4

Lymphocyte count (×109/litre) 0·004 0·014
≥1·5 474 64·8 61·0 4·3
<1·5 257 35·2 36·0 5·7 1·323 1·058, 1·655

Neutrophils (×109/litre) 0·167
≥2·1 660 90·3 48·0 4·6
<2·1 71 9·7 66·0 11·4

Monocytes (×109/litre) 0·718
≥0·5 304 41·6 47·0 7·2
<0·5 427 58·4 52·0 6·6

Platelet count (×109/litre) 0·013 0·127
≥245 299 40·9 37·0 5·9
<245 432 59·1 61·0 8·2

Albumin (g/l) 0·009 0·057
≥33 599 81·9 60·0 7·3
<33 132 18·1 33·0 6·3

Prealbumin (mg/l) 0·002 0·005
≥180 412 56·4 61·0 3·9
<180 319 43·6 37·0 5·7 1·369 1·099, 1·706

Neutrophil:lymphocyte ratio <0·001 0·216
≥2·8 203 27·8 61·0 4·8
<2·8 528 72·2 32·0 5·6

Depth of invasion† <0·001 <0·001
T4 627 85·8 41·0 4·5 2·384 1·617, 3·516
T1–3 104 14·2 Undefined‡

Lymph node metastasis <0·001 <0·001
Positive 581 79·5 37·0 5·6 2·080 1·517, 2·852
Negative 150 20·5 72·0 6·3

ASA, American Society of Anesthesiologists; TNM, tumour–lymph node–metastasis.
* Defined as Hb concentration <120g/l in males and <110g/l in females.
† Tumour stages are based on seventh edition of the Union for International Cancer Control TNM classification.
‡ The specific median disease-free survival time is too long to be determined in this subgroup during the follow-up.
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increasing interest has been focused on the lymphocyte count,
albumin and prealbumin concentrations. In addition, the PNI,
based on the serum albumin concentration and lymphocyte
count, reflecting both systemic inflammation and malnutrition,
is considered to be the most reliable predictor of oncological
survival(7,11,21). However, the conclusions are contradictory and
even confusing in GC patients to date. Lee et al.(25) conducted
an analysis of 7781 stage I to III patients and demonstrated that
low PNI was a poor prognostic factor of OS, but not recurrence.
PNI was also identified not to be associated with 5-year cancer-
specific survival in elderly patients with GC in the research
reported by Sakurai et al.(21). A retrospective study of 1330
patients reported that low PNI was marginally associated with
5-year OS in patients with stage III GC, but the prognostic value
was not significant in stages I and II disease(15), which contrasts
with the results from another study of 594 patients(14). There was
also a meta-analysis that concluded that low PNI was significantly

associated with a decreased OS in patients with GC at stage I
to III, but not at stage IV(7). A feasible explanation for the
conflicting results was the inconsistency in patient inclusion
criteria. It seems difficult to determine the impact of pretreat-
ment immunological and nutritional statuses on the long-term
survival rates of patients having stage I GC, who experienced
very low rates of severe malnutrition but had significantly
better prognosis. In addition, patients with stage IV GC, who
harboured widespread metastasis and experienced extremely
disappointing survival times, are included in a number of the
previous studies(7). In addition, patients with chronic liver
and/or kindey diseases, such as liver cirrhosis, which may
affect the immunological and nutritional status of the patients,
were excluded from the present study, in order to minimise
the impact of confounding factors. Moreover, the majority of
the previous studies usually included a limited number of
patients, and only few pretreatment immunological and
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Fig. 3. Overall and disease-free survival curves in 731 patients who underwent gastrectomy for stage II/III gastric cancer. (a) Overall survival classified by a
combination of the prealbumin concentration and lymphocyte count (Co-PaL) score. Co-PaL score 0 group v. 1 group, P= 0·005; Co-PaL score 0 group v. 2 group,
P< 0·001; Co-PaL score 1 group v. 2 group, P= 0·039. (b) Disease-free survival classified by the Co-PaL score. Co-PaL score 0 group v. 1 group, P= 0·018; Co-PaL
score 0 group v. 2 group, P< 0·001; Co-PaL score 1 group v. 2 group, P=0·048. (c) Overall survival classified by the prognostic nutritional index (PNI). PNI score >50
group v. 40–50 group, P= 0·107; PNI score >50 group v. <40 group, P< 0·001; PNI score 40–50 group v. <40 group, P< 0·001. (d) Disease-free survival classified by
the PNI. PNI score >50 group v. 40–50 group, P= 0·193; PNI score >50 group v. <40 group, P< 0·001; PNI score 40–50 group v. <40 group, P= 0·001.

1366 Q. Shen et al.

https://doi.org/10.1017/S0007114518002854  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114518002854


nutritional variables were included in the prognostic analysis,
which may affect the adequate accuracy, precision and sta-
tistical power of the model. Therefore, we evaluated the
influence of pretreatment immunological and nutritional status
on the oncological outcomes of a large cohort of 731 patients
with pathologically diagnosed stage II/III GC from a single
centre in China.
In this retrospective study, we identified that pretreatment

decreased the lymphocyte count and that prealbumin and
albumin concentrations were independently associated with
decreased OS. In contrast to prealbumin, a statistical associa-
tion was not found between albumin and DFS. Consequently,
prealbumin levels are a more sensitive index of nutritional
change and are better indicators of prognosis than albumin
levels. Furthermore, the newly conducted prognostic index,
Co-PaL score, had been clarified and it showed that it could
accurately divide patients into low-, moderate- and high-risk
subgroups. As a contrast, although the long-term survival was
significantly worse in patients with severe malnutrition com-
pared with those with good or mild to moderate malnutrition
according to the PNI, the prognosis between the patients with
good and mild to moderate malnutrition was not significantly
different. Thus, it seems that the Co-PaL score is more sensitive
in distinguishing patients with mild to moderate malnutrition
from those with good nutrition compared with the widely
used PNI. Compared with the postoperative pathological
TNM stage, the Co-PaL score can be calculated easily from
preoperative laboratory data and may well provide more
definitive prognostic information for clinicians before surgery.
Taken together, our results indicate that the complementary
combination of the lymphocyte count and prealbumin
concentration can be used as an independent indicator to
predict the prognosis of patients who have undergone radical
gastrectomy for locally advanced GC, and may facilitate pre-
operative treatment decision-making, including surgical pro-
cedure planning.
It is well accepted that inflammation plays an essential role in

the prognosis of patients with malignancy. Possible explana-
tions include that inflammatory responses can produce oxygen-
free radicals and various inflammatory cytokines, which can
stimulate tumour proliferation, progression and metastasis(13).
Accumulating evidence has indicated that systemic immune
and inflammatory cells, including neutrophils, monocytes,
lymphocytes and platelets, are related to the prognosis of various
malignancies(6,8). Several inflammation-based prognostic indexes
have been identified to have a value in predicting long-term
survival independently, such as NLR(8,10,13). However, in the
present study, only a decreased lymphocyte count was identified
to be significantly associated with poor OS and DFS. Much
research has emphasised that the lymphocyte is the crucial
component of the host’s cellular adaptive immunity against
cancers and can both attack malignant cells and eliminate
the tumours. Thus, lymphocytopaenia indicates an insufficient
immunologic reaction against the tumour and as a result
adversely affects the prognosis of patients with cancer(26,27).
Malnutrition is prevalent in patients with gastrointestinal

cancer who undergo surgery as a result of unintentional weight
loss related to their malignant disease process and its attendant

anorexia and, in some cases, digestive tract obstruction(28).
There is growing evidence that nutritional status is significantly
related to long-term outcomes of cancer(15,18–20). Several rea-
sons lie behind this association – for example, malnutrition
impairs the immune system, suppresses cell-mediated immune
function, which is crucial in defending cancer, and as a result
leads to increased metastasis(29). Malnutrition can also produce
postoperative complications, especially infections, thus acti-
vating systemic inflammatory responses and reducing the
therapeutic efficacy of drugs(9,30). Serum albumin and pre-
albumin concentrations are the most commonly used bio-
chemical variables to define nutritional status.

Hypoalbuminaemia has been confirmed to be significantly
associated with inflammation and adverse long-term out-
comes in various malignancies(31). An albumin level <35 g/l
and a metastatic lymph node ratio >0·2 were identified to be
negative prognostic factors for resectable GC reported by Isik
et al.(32), but only sixty-seven patients were included in their
study. Several albumin-based prognostic indexes have been
conducted to predict the prognosis of cancer such as the PNI
and Glasgow prognostic score (GPS)(33). Although PNI and
GPS have been identified as promising indicators for prog-
nosis in several types of malignancies, including GC, other
scholars have argued that GPS or PNI is not sensitive enough
to predict the prognosis in early-stage patients, whose nutri-
tional status is relatively favourable(15,33). In the present study,
although a low albumin concentration (<33 g/l) was con-
firmed to be a significant predictor for decreased OS, it lost its
significance when considering DFS. Moreover, the prognosis
of patients with good nutrition or mild to moderate mal-
nutrition, which was classified by the PNI score based on
albumin concentration and lymphocyte count, was not sig-
nificantly different. The relatively insensitive albumin con-
centration for malnutrition might be responsible for these
findings.

Prealbumin is a rapidly metabolised visceral protein with a
half-life of about 2 d, which is significantly shorter than that of
albumin (about 20 d)(9,17). Thus, the prealbumin concentration
is closely associated with early changes in nutritional status and
can be used to detect early nutritional deficits(34). In addition,
the albumin concentration is strongly affected by age and
inflammation compared with prealbumin(35). Recently, pre-
albumin was identified as a useful marker not only for predicting
morbidities but also for the prognosis of various malignancies
such as lung and oesophageal cancer, and renal cell carci-
noma(18–20). On the basis of the results of the present study,
prealbumin appears to be a better indicator of prognosis and
more sensitive to nutritional changes than albumin in patients
with stage II/III GC. In addition, because prealbumin responds
faster than albumin(36), we presume that if we can give proper
nutritional support before an operation a low prealbumin con-
centration may serve as a modifiable risk factor for prognosis,
although a large-scale prospective study will be needed in the
future.

First, the retrospective nature and single-institution design of
the current study is one of the possible limitations of our con-
clusions. Second, the median follow-up time (33 months) was
relatively short and the median OS and DFS in several
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subgroups could not be determined. Third, only patients with
stage II/III GC were included in the present study, and thus
whether the results were the same in patients with stage I or
IV GC requires further investigation. Last but not least, the
present study sought to investigate predictors for prognosis
among pretreatment patient characteristics. Thus, neither the
surgical procedure nor the postoperative adjuvant therapy
was included as a candidate independent risk factor in the
analysis, both of which may be strongly associated with
prognosis.
In conclusion, the results of our study confirm that the Co-PaL

score, based on the pretreatment prealbumin concentration and
lymphocyte count, is a useful and sensitive indicator for pre-
dicting the prognosis of patients who underwent gastrectomy
for stage II/III GC. A higher Co-PaL score indicates poorer long-
term survival. If feasible, proper nutrition support for patients
with low prealbumin concentrations may be considered before
an operation, although a prospective study will be needed to
confirm this conjecture.
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