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Abstract 

Background  The prognostic nutritional index (PNI) and D-dimer (DD) levels represent useful prognostic indicators 
in colorectal cancer (CRC); however, a combination of these indicators, namely, the PNI and DD score (PDS) was less 
addressed.

Methods  A retrospective study with 183 patients after curative surgery was conducted. Patients were divided into 
3 subgroups: PDS 0, decreased PNI and increased DD levels; PDS 1, decreased or increased PNI and DD levels; PDS 2, 
increased PNI and decreased DD levels. The differences in disease-free survival (DFS) and overall survival (OS) were 
compared among these subgroups, and risk factors for outcome were determined.

Results  A total of 56, 65 and 62 patients were assigned to the PDS 0, 1 and 2 subgroups, respectively. PDS was sig-
nificant in predicting both the DFS (area under the curve (AUC) = 0.68, P < 0.001) and OS (AUC = 0.74, P < 0.001). PDS 
0 patients were more likely to be associated with old age (P = 0.032), laparotomy (P < 0.001), elevated CEA (P = 0.001), 
T3 + T4 (P = 0.001) and advanced TNM stage (P = 0.031). PDS 0 patients had significantly inferior DFS (log rank = 18.35, 
P < 0.001) and OS (log rank = 28.34, P < 0.001) than PDS 1 or 2 patients. PDS was identified as an independent risk fac-
tor for both DFS (PDS 1: HR = 0.54, 95% CI: 0.30–1.00, P = 0.049; PDS 2: HR = 0.40, 95% CI: 0.20–0.79, P = 0.009) and OS 
(PDS 1: HR = 0.44, 95% CI: 0.22–0.88, P = 0.020; PDS 2: HR = 0.17, 95% CI: 0.06–0.45, P < 0.001).

Conclusion  The PDS is a useful prognostic indicator for CRC patients after curative surgery, and PDS 0 patients have 
inferior survival. Additional future studies are needed to validate these findings.
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Background
Colorectal cancer (CRC) is the third most lethal cancer 
in the world with a heavy health burden in China, where 
an estimated 592,232 new cases were diagnosed and up 
to 309,114 deaths occurred in 2022 [1]. Globally, the inci-
dence of CRC has more than doubled with a correspond-
ing remarkable increase in deaths noted between 1990 
and 2019 [2]. Although an increasing number of patients 
are diagnosed and cured at a very early stage due to sig-
moidoscopy screening [3], the 5-year survival rate for 
those with stage II and III disease remains unsatisfactory 
[4].
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It is well established that the outcome of cancer 
patients is determined by many factors, including nutri-
tion status [5] and anticancer immunity [6], in addition 
to the cancer cells themselves; accordingly, it is plau-
sible that prognostic markers could be more reason-
able if these factors are comprehensively considered. The 
prognostic nutritional index (PNI), which is a marker 
calculated based on serum albumin and lymphocytes, 
is a robust prognostic indicator in many malignancies, 
including lung cancer [7], nasopharyngeal cancer [8], 
liver cancer [9], breast cancer [10], gastric cancer [11] 
and CRC [12, 13]. Interestingly, previous studies have 
indicated that the prognostic efficacy of PNI was superior 
to that of other inflammation-based prognostic indica-
tors [14, 15]. In CRC, the PNI was also noted to be a bet-
ter marker than other inflammatory indicators and was 
the only independent risk factor for survival in stage IIA 
or III cases [16, 17]. Nonetheless, it was notable that PNI 
alone was limited by its prognostic efficacy. Specifically, 
the area under the curve (AUC) ranged from 0.56 to 0.67 
in non-metastatic cases with a relatively low sensitivity 
(58.6%) and specificity (59.6–78.3%) [17, 18] and was only 
0.62 in metastatic cases [19]. In recent years, some stud-
ies have reported a combination of PNI with other mark-
ers and found moderately improved AUCs in predicting 
the outcome. For example, the PNI was combined with 
the albumin-to-globulin ratio as a prognostic indicator 
of esophagogastric junction cancer [20] and with hemo-
globin to predict the prognosis of esophageal squamous 
cancer [21]. In recent years, the pivotal role of circulating 
tumor cells (CTCs) in patients who relapse after surgery 
has become increasingly popular, and these cells are con-
sidered to be a strong prognostic indicator in stage I–III 
cases of CRC [22, 23]. Interestingly, a study reported that 
a combination of the controlling nutritional status score 
(an index calculated based on serum albumin, lympho-
cyte counts and total cholesterol that is similar to PNI) 
and CTCs potentially exhibits superior prognostic effi-
cacy and is able to distinguish the survival of subgroups 
[24]. However, of note, the detection of CTCs was limited 
by specific technology and was not routinely conducted 
in practice; other alternative indicators are still needed.

D-dimer (DD), which is an end product in the biologi-
cal process of fibrin degradation, is a sensitive indicator 
of coagulation and fibrinolysis. Interestingly, DD also 
has important value in many cancers [25–27]. Similar 
to CRC, DD has long been established as a useful tumor 
marker, and its diagnostic value in preoperative stag-
ing is comparable to that of carcinoembryonic antigen 
(CEA) [28]. The prognostic value of DD in CRC has also 
been well studied [29–31] and was demonstrated to be 

even better than CEA in metastatic scenarios [32]. More 
importantly, some previous studies indicated that the 
level of DD was closely correlated with CTCs in some 
cancers [33, 34]. Based on these facts, we hypothesize 
that a combination of PNI and DD could have good 
prognostic efficacy in CRC; however, related studies are 
limited.

Here, we aimed to explore the prognostic role of a 
combination of PNI and DD score (PDS) in CRC patients 
after curative surgery.

Methods
Patients
Consecutive patients who underwent curable surgery for 
colorectal adenocarcinoma at Hainan hospital of Chi-
nese PLA general hospital from December 2012 to May 
2020 were enrolled retrospectively. Cases meeting any 
one of the following criteria were excluded: 1. any preop-
erative anticancer therapies; 2. suspected distant lesions 
identified by imaging examinations; 3. complications 
that require long-term administration of anticoagulant 
drugs, such as aspirin and Plavix; 4. lack of preoperative 
laboratory tests, such as DD; 5. absence of postopera-
tive pathological TNM message; and 6. follow-up prob-
lems. Parameters including age, sex, tumor location and 
others were also recorded as previously described [35, 
36]. The study was approved by the ethics committee of 
Hainan Hospital of Chinese PLA General Hospital (ID: 
301HLFYLS15), and informed consent was obtained 
from the patients or their authorized relatives.

Calculation of PDS and other systematic inflammatory 
prognostic indicators
Routine blood tests were conducted in the depart-
mental clinical laboratory as previously described [35]. 
The reference was 35–50  g/L for serum albumin, 1.75–
7.00 × 109/L for peripheral absolute lymphocyte counts, 
and 0–500 ng/mL for DD levels. All tests were performed 
within one week before curative surgery as previously 
described [35, 36]. The PNI was calculated as previously 
described [37], and patients were divided into PNI-low 
or -high and DD-low or -high subgroups based on the 
optimal cutoff points described in the statistical results 
below. Subsequently, patients were divided into 3 sub-
groups: PDS 0, PNI low and DD high; PDS 1, PNI/DD 
low or PNI/DD high; and PDS 2, PNI high and DD low. 
Additional systematic inflammatory prognostic indica-
tors, such as the neutrophil to lymphocyte ratio (NLR), 
lymphocyte to monocyte ratio (LMR) and platelet to 
lymphocyte ratio (PLR), were also calculated according 
to a previous report [37].



Page 3 of 10Zhu et al. BMC Surgery           (2023) 23:30 	

Follow‑up procedures and definition of disease‑free 
survival (DFS) and OS
Patients were routinely followed according to our previ-
ous studies [36]. DFS was determined based on the date 
of surgery to the date of any relapse or distant metastasis 
or the date of death from any cause, and OS was deter-
mined from the same point to the point of any cause of 
death. The final follow-up point was December 2021.

Data analysis
The data were processed using SPSS 20.0 (SPSS Inc., 
Chicago, IL, USA), MedCalc v19.0.7 (MedCalc Software 
Ltd., Ostend, Belgium) and GraphPad Prism 5 (GraphPad 

Software Inc., San Diego, CA, USA). The optimal cutoff 
points of PNI and DD for the outcome were determined 
by receiver operating characteristic curve (ROC) analysis. 
Differences in other systematic inflammatory prognostic 
indicators in PDS subgroups were analyzed by one-way 
ANOVA followed by Bonferroni test for subgroup com-
parison. Survival differences among PDS subgroups were 
analyzed by Kaplan–Meier analysis and log-rank tests. 
Risk factors for survival were determined using a Cox 
proportional hazards model with the iterative forward LR 
method. All tests were two-sided with P < 0.050 consid-
ered statistically significant.

Results
Demographic characteristics of the study cohort 
and the prognostic efficacy of PDS
According to the exclusion criteria, a total of 183 cases 
were included in the study (Fig.  1). The study included 
71 females and 112 males with a medium follow-up of 
61.04 months (m). At the end of the 3-year period, 0, 12 
and 23 patients died in stages I (n = 39), II (n = 77) and III 
(n = 67), respectively. The overall 3-year DFS rate and OS 
rate were 73.22% and 80.87%, respectively. Based on ROC 
analysis, the PDS was significant in predicting both the Fig. 1  Patient collection flowchart

Fig. 2  ROC analysis of PNI, DD and PDS in predicting DFS or OS
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3-year DFS (AUC = 0.68, 95% CI: 0.59–0.76, P < 0.001) 
and OS (AUC = 0.74, 95% CI: 0.66–0.82, P < 0.001) 
(Fig. 2).

Differences in clinicopathological features in the PDS 
subgroups
Based on ROC analysis and the Youden index (3-year 
OS served as the end-point), patients were divided into 
PNI high (≥ 48.21  g/L) or low (< 48.21  g/L) subgroups 
and DD high (≥ 139.50  ng/mL) or low (< 139.50  ng/
mL) subgroups. Based on the aforementioned algo-
rithm, 56, 65 and 62 patients were assigned to the PDS 
0, 1 and 2 subgroups, respectively. PDS 0 patients were 
more likely to present with old age (P = 0.032), lapa-
rotomy (P < 0.001), elevated CEA (P = 0.001), T3 + T4 
(P = 0.001) and advanced TNM stage (P = 0.031); no 
other clinicopathological features were significantly dif-
ferent among PDS subgroups (Table 1).

Correlation of PDS with other systematic inflammatory 
indicators
As presented in Fig. 3, significant differences for NLR, 
LMR and PLR were noted among different PDS sub-
groups. In general, PDS 0 patients had a significantly 
increased NLR and PLR and a decreased LMR com-
pared with the other groups (all P < 0.001). For PDS 1 
and PDS 2, only LMR (P = 0.002) was significantly dif-
ferent; NLR (P = 0.121) and PLR (P = 0.337) did not 
differ.

Survival differences among PDS subgroups
Based on Kaplan–Meier analysis, survival significantly 
differed among the PDS subgroups (Fig. 4). Specifically, 
PDS 0 patients had worse DFS and OS than PDS 1 and 
2 patients; interestingly, OS but not DFS was also sig-
nificantly different between the PDS 1 and 2 subgroups 
(log rank = 4.80, P = 0.029).

Univariate and multivariate analyses of risk factors 
for survival
Using the Cox hazard model, the univariate test indi-
cated that type of resection tumor morphology, tumor 
deposits, CEA level, combined T and N stages, TNM 
stages, and PDS were risk factors for both DFS and 
OS (Table  2). Further multivariate tests indicated that 
PDS was an independent risk factor for both DFS (PDS 
1: HR = 0.54, 95% CI: 0.30–1.00, P = 0.049; PDS 2: 
HR = 0.40, 95% CI: 0.20–0.79, P = 0.009) and OS (PDS 
1: HR = 0.44, 95% CI: 0.22–0.88, P = 0.020; PDS 2: 
HR = 0.17, 95% CI: 0.06–0.45, P < 0.001) (Table 3).

Discussion
In this study, we found that the PDS was a useful prog-
nostic marker for CRC patients after curative surgery. 
PDS 0 patients had the worst outcome, and OS could be 
well distinguished among PDS subgroups. To the best 

Table 1  Differences for the clinicopathological features among 
PDS subgroups

* With significant statistical difference

Features PDS subgroups

Patient No PDS 0 PDS 1 PDS 2 P

Age (year) 0.032*

 < 60 85 18 33 34

 ≥ 60 98 38 32 28

Sex 0.181

 Male 71 18 31 22

 Female 112 38 34 40

Type of resection  < 0.001*

 Laparotomy 29 17 5 7

 Laparoscopy 154 39 60 55

Tumor sites 0.128

 Right 43 18 15 10

 Left 140 38 50 52

Histological grade 0.103

 Well + moderate 158 44 57 57

 Poor 25 12 8 5

Tumor morphology 0.129

 Ulcerated type 103 33 37 33

 Protruded type 43 9 15 19

 Mixed type 30 14 9 7

 Unknown 7 0 4 3

Mucinous constituent 0.684

 Without 152 48 52 52

 With 31 8 13 10

Tumor deposits 0.090

 Without 162 46 57 59

 With 21 10 8 3

CEA level 0.001*

 Normal 116 24 46 46

 Elevated 67 32 19 16

Combined T stages 0.001*

 T1 + T2 47 5 17 25

 T3 + T4 136 51 48 27

Combined N stages 0.388

 N0 112 31 39 42

 N1+N2 71 25 26 20

TNM stages 0.031*

 I 39 4 16 19

 II 77 29 25 23

 III 67 23 24 20
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of our knowledge, this is the first report about the prog-
nostic value of PDS in cancer.

The ultimate survival of cancer patients is determined 
by many factors in addition to the presence of cancer 
cells. PNI is a marker that combines nutritional status 
and anticancer immunity in patients, and it is plausible 
that its prognostic efficacy would be superior to that of 
other markers that only consider a single factor. In fact, 
some previous studies have validated this hypothesis. For 
example, Imai et al. assessed 717 consecutive hepatocel-
lular cancer patients after curative resection and found 
that PNI was superior to controlling the nutritional status 
score, NLR, PLR and Glasgow prognostic score in both 
DFS and OS; PNI was the only independent risk factor 
in multivariate analyses [14]. Consistent with this find-
ing, Komura et  al. enrolled 308 epithelial ovarian can-
cer patients and found that pretreatment PNI was better 
than single platelet count in predicting DFS [15]. As 
noted for CRC, numerous studies have investigated the 
role of PNI and other systematic inflammatory prognos-
tic indicators. For example, Sato et al. collected 72 stage 

II-III obstructive patients and found that PNI was the 
only independent risk factor for DFS and OS compared 
to NLR, LMR and PLR [38]; accordingly, Maruyama et al. 
included 197 stage IIA patients and found that PNI was 
the only independent risk factor in contrast to NLR and 
PLR [16]. Nonetheless, PNI alone is still limited by its rel-
atively low prognostic efficacy, as mentioned previously 
[17–19], and could be further improved when some fac-
tors that reflect cancer cell features are taken into con-
sideration based on our hypothesis. With the exception 
of direct quantification of the CTCs, the tumor markers 
were a good label of malignant cells. CEA is a classical 
tumor marker that is mainly released by colorectal can-
cer cells [39, 40] and is a good indicator of the aggressive-
ness of these cells [41, 42]. Previously, some investigators 
have tried to combine PNI with CEA to improve the 
prognostic efficacy. For example, Uejima et  al. included 
135 stage II patients and found that a combination of 
PNI and CEA exhibited good prognostic efficacy, but the 
5-year DFS rates in the CEAlow/PNIhigh, CEAhigh/PNIhigh 
and CEAlow/PNIlow groups were 100%, 100% and 97.4%, 

Fig. 3  Differences in the NLR (A), LMR (B) and PLR (C) in the PDS subgroups

Fig. 4  DFS (A) and OS (B) differences among the PDS subgroups
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respectively, making it difficult to distinguish the survival 
differences [43]. Similarly, Xu et  al. enrolled 513 stage 
II–III patients and reported that PNI and CEA represent 
a superior combination, but the 1- and 3-year OS rates 

in the aforementioned patient subgroups were undistin-
guishable [44]. Taking into account these results, it was 
suggested that an additional indicator that was more reli-
able than CEA was needed. DD has been consistently 

Table 2  Univariate tests for risk factors for DFS and OS

*With significant statistical difference

DFS OS

P HR 95%CI P HR 95%CI

Age (years)

 < 60 1 1

 ≥ 60 0.702 1.11 0.66–1.84 0.544 0.53 0.45–1.52

Sex

 Male 1 1

 Female 0.198 0.70 0.41–1.21 0.158 0.63 0.33–1.20

Type of resection

 Laparotomy 1 1

 Laparoscopy 0.005* 0.43 0.24–0.78 0.006* 0.39 0.20–0.76

Tumor sites

 Right 1 1

 Left 0.897 0.96 0.50–1.84 0.270 0.63 0.28–1.42

Histological grade

 Well + moderate 1 1

 Poor 0.060 1.88 0.97–3.62 0.052 2.08 0.99–4.34

Tumor morphology

 Ulcerated type 1 1

 Protruded type 0.044* 0.46 0.21–0.98 0.029* 0.31 0.11–0.89

 Mixed + Unknown 0.932 0.97 0.52–1.83 0.807 1.09 0.54–2.19

Mucinous constituent

 Without 1 1

 With 0.290 1.41 0.75–2.66 0.276 1.51 0.72–3.14

Tumor deposits

 Without 1 1

 With  < 0.001* 5.98 3.35–10.70  < 0.001* 5.00 2.58–9.67

CEA level

 Normal 1 1

 Elevated  < 0.001* 2.90 1.73–4.86  < 0.001* 3.60 1.94–6.70

Combined T stages

 T1 + T2 1 1

 T3 + T4 0.001* 5.87 2.13–16.21 0.004* 8.25 2.00–34.12

Combined N stages

 N0 1 1

 N1 + N2  < 0.001* 3.74 2.19–6.38  < 0.001* 3.48 1.86–6.52

TNM stages

 I + II 1 1

 III  < 0.001* 3.78 2.23–6.42  < 0.001* 3.44 1.85–6.39

PDS

 0 1 1

 1 0.005* 0.43 0.24–0.77 0.003* 0.36 0.18–0.70

 2  < 0.001* 0.28 0.14–0.54  < 0.001* 0.12 0.05–0.32
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reported as a tumor marker in CRC [28] and is also a 
robust prognostic predictor in CRC [29, 30]. Interest-
ingly, the AUC of DD was higher than that of CEA (0.85 
vs. 0.72) with a significantly better sensitivity (88.0% vs. 
65.2%) in CRC patients after curative resection [45]. 
Although no related reports have described the use of 
DD in combination with other prognostic makers in 
CRC, one study indicated that a combination of DD with 
NLR could be a useful prognostic indicator in non-small 
cell lung cancer (NSCLC), and the 5-year OS rates were 
distinguishable among the subgroups (23.5% vs. 34.2% vs. 
50.0%) [46]. In our study, the 3-year OS rates in the PDS 
0, 1 and 2 subgroups were 95.35%, 75.51% and 59.62%, 
respectively (P < 0.001), and could be effectively sepa-
rated. However, when patients were divided into 4 sub-
groups (PNIhigh/DDlow, PNIhigh/DDhigh, PNIlow/DDlow and 
PNIlow/DDhigh) as noted in previous studies (only those 
stage II–III) [43, 44], the 3-year OS rates were 95.35%, 
80.95%, 71.43%, and 58.82%, respectively (P = 0.001, 
data not shown), and it was also difficult to separate the 
survival differences among the subgroups except for the 
comparisons between the PNIhigh/DDlow and PNIlow/
DDhigh as well as the PNIhigh/DDhigh and PNIlow/DDhigh 
subgroups. These results were partly consistent with pre-
vious studies [43, 44].

Interestingly, it was proposed that cancer is actu-
ally a stem cell disease [47]. Colorectal cancer stem 
cells (CCSCs) identified by specific surface markers, 
such as CD44 and CD133, have been extensively stud-
ied [48]. In a previous study, CCSCs were thought to be 
the ultimate reason for cancer initiation, dissemination 
and recurrence, and eradiation of these cells represents 
a key approach to cure the disease [48, 49]. Of note, 

cancer dissemination could occur at the very beginning 
in CRC [50], and these cells in the circulating system 
(CTCs) exhibit some features of CCSCs [51]. In addition, 
cancer-promoted inflammation also plays a key role in 
determining CRC development [52], and inflammatory 
cytokines, such as interleukin-6 (IL-6) and IL-1, are sig-
nificantly elevated in CRC patients [53–55], which could 
have an important role in supporting CCSCs [56, 57]. 
Interestingly, albumin synthesis could be significantly 
decreased under inflammatory conditions, and IL-1 was 
postulated to be an important mediator [58]. Addition-
ally, IL-6 contributes to the decreased expression of albu-
min genes through the activation of tyrosine kinase [59]. 
Lymphocytes are the major players in adaptive antican-
cer immunity [60] and specifically recognize and eradi-
cate CCSCs [61]. Although not reported in CRC, it was 
found that the proportion of circulating lymphocytes 
could be decreased under inflammatory conditions [62, 
63] in addition to the abnormal immune-suppression 
function induced by these cytokines [64]. In recent years, 
accumulating evidence has indicated that CTCs are the 
key source of relapse in CRC [65, 66]. Interestingly, DD 
is correlated with CTCs and is an essential accompani-
ment of these cells [67]. More importantly, the level of 
DD correlated with CTCs in breast cancer and non-small 
cell lung cancer [33, 34]. Based on these facts, it would 
be plausible that patients with PDS 0 have relatively low 
PNI and high DD levels that are equal to strong cancer-
promoting inflammation and sustained high counts of 
CTCs, which would correlate with poor outcome. How-
ever, studies that directly and concurrently analyze the 
levels of inflammatory cytokines and PNI and DD remain 
lacking.

Table 3  Multivariate tests for risk factors for DFS and OS

*With significant statistical difference

DFS OS

P HR 95%CI P HR 95%CI

Tumor deposits

 Without 1

 With 0.002* 2.85 1.48–5.51

CEA level

 Normal 1 1

 Elevated 0.004* 2.20 1.29–3.74 0.012* 2.29 1.20–4.37

TNM stages

 I + II 1 1

 III 0.001* 2.59 1.45–4.65 0.017* 2.33 1.16–4.68

PDS

 0 1 1

 1 0.049* 0.54 0.30–1.00 0.020* 0.44 0.22–0.88

 2 0.009* 0.40 0.20–0.79  < 0.001* 0.17 0.06–0.45
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Clinically, adjuvant chemotherapy was convention-
ally recommended for high–risk stage II and stage III 
CRC patients [68, 69], which could greatly improve 
the DFS and OS [68–71]. Previously, pT4, lymph-vas-
cular or perineural invasion, perforation or obstruc-
tion presentation, poorly differentiated histology, or 
lymph node harvest less than 12 were well acknowl-
edged as risk factors in CRC [72]. In our study, PDS was 
found to be useful in prognostic prediction and PDS 0 
patients displayed significant poor DFS and OS com-
pared to other subgroups, we speculate maybe it could 
be considered as an additional risk factor for decision-
making approach for the patients in practice; however, 
randomized controlled trails are necessary to confirm 
our speculation. In addition, taking into consideration 
that PDS was an easily accessible indicator, it may also 
valuable in monitoring the treatment response of meta-
static disease to systemic therapies like CEA [73]; how-
ever, more studies are needed to validate its role in such 
a scenario.

There are some limitations to our study. First, it was a 
retrospective study with a relatively small sample size, 
and potential biases cannot be excluded. Second, infor-
mation on adjuvant chemotherapy was insufficient, and 
it was notable that both the albumin levels and absolute 
lymphocyte counts could be altered by these therapies 
[74, 75]; thus, long-term PDS measurements and assess-
ment of its prognostic value in these patients should be 
performed in the future.

Conclusion
Overall, our study suggested that PDS was a useful prog-
nostic indicator in CRC patients after curative surgery 
and that PDS 0 patients exhibit inferior survival. Addi-
tional studies are needed to validate these findings in the 
future.
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