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Abstract

Purpose The prognostic nutritional index (PNI) is con-
sidered useful for predicting the prognosis of patients with
gastric cancer (GC). This retrospective study investigated
the relationship between both the pre- and postoperative PNI
and the prognosis of GC patients.

Methods The subjects of this study were 254 patients who
underwent curative surgery for histopathologically diag-
nosed GC.

Results Patients were divided according to their pre- and
postoperative PNI as follows: preoperative PNI of > 52 (pre-
PNIHieh) preoperative PNI of < 52 (pre-PNIX°%), postopera-
tive PNI of > 49 (post-PNI"i€") and postoperative PNI of
< 49 (pre-PNI*Y). Both pre- and postoperative PNI were
significantly associated with GC prognosis. Patients were
then divided as follows: group A, patients with pre-PNIHigh
and post-PNIHe": group B, patients with either pre-PNI!ieh
and post-PNI-®Y or pre-PNI**" and post-PNI"€"; and group
C, patients with pre-PNI**" and post-PNI*°¥. The 5-year
survival rates were 100.0, 83.0, and 67.1% for groups A, B,
and C, respectively. Multivariate analysis indicated that the
combination of pre- and postoperative PNI was an independ-
ent prognostic indicator.

Conclusions Combined analysis of the pre- and postopera-
tive PNI offers accurate information about the prognosis of
patients with GC.
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Introduction

Gastric cancer (GC) is one of the most common cancers.
In 2015, there were an estimated 1,300,000 new cases and
819,000 deaths from GC worldwide, ranking it fifth in can-
cer incidence and the third-leading cause of cancer death [1,
2]. Thus, predicting the postoperative prognosis of patients
with GC is extremely important. Many studies have indi-
cated that the depth of invasion and the presence or absence
of lymph node metastasis is the most important prognostic
factors for GC [3, 4]. Furthermore, there is accumulating
evidence of the usefulness of blood analytes to predict the
prognosis of patients with GC. Serum tumor markers are
easy to measure and helpful in the diagnosis, prediction of
survival rates, and monitoring of recurrence following sur-
gery [5, 6]. Carcinoembryonic antigen (CEA) and carbohy-
drate antigen 19-9 (CA 19-9) are the most frequently meas-
ured tumor markers in GC, although their positivity rates
are lower in the serum of patients with GC than in those of
patients with other cancers. Because blood analytes can be
measured easily in routine clinical practice, the identification
of useful markers is urgently required.

GC often causes lumen obstruction, dysphagia, and
bleeding, with resulting malnutrition and increased risk
of postoperative complications. Therefore, the evaluation
of a patient’s preoperative nutritional status is important to
ensure that they are sufficiently nourished before surgery.
Several assessment tools are used for nutritional evalua-
tion, including the subjective global assessment [7], mini
nutritional assessment [8], and nutritional risk screen-
ing 2002 [9]. The prognostic nutritional index (PNI) as
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described by Onodera et al. [10] is a simple index calcu-
lated by the serum albumin (Alb) concentration and total
lymphocyte count (LC) to evaluate a patient’s nutritional
status. Nozoe et al. [11] recently reported that the pre-
operative PNI can be used to predict the prognosis and
biological aggressiveness of GC. However, because gas-
trectomy decreases the stomach volume, some patients’
postoperative nutritional status becomes worse than their
preoperative nutritional status. A poor nutritional status
is reportedly associated with impaired immunity. Further-
more, Aoyama et al. [12] demonstrated that body weight
loss, which is an indicator of malnutrition, is the most
important risk factor for noncompliance with S-1 adjuvant
chemotherapy in patients with stage 2/3 GC, who have
undergone D2 gastrectomy. Therefore, it is likely that poor
postoperative nutritional status is related to a poor prog-
nosis in patients with GC; however, the prognostic sig-
nificance of the postoperative nutritional status of patients
with GC remains unclear. The aim of the current study was
to evaluate the prognostic significance of the perioperative
PNI in patients with GC.

Materials and methods
Patients

This study was based on a retrospective analysis of 254
patients with gastric adenocarcinoma, who underwent
gastrectomy at our institution between January, 2001 and
December, 2013. All patients underwent distal partial, proxi-
mal partial or total gastrectomy with regional dissection of
the lymph nodes. Institutional review board approval was
obtained and the informed consent requirement was waived
for this study. The clinicopathologic findings were assessed
according to the Japanese Classification of Gastric Carci-
noma [13]. We collected data from blood tests performed
preoperatively and 1 month postoperatively, including the
serum Alb concentration and total LC of the peripheral
blood from the patients’ records. The PNI was then calcu-
lated as follows: 10 X Alb concentration + 0.005 X total LC
[10].

Patients were checked periodically for early recurrence by
diagnostic imaging, including chest X-ray, double-contrast
barium meal study, upper gastrointestinal endoscopy, ultra-
sonography, and computed tomography. Causes of death and
patterns of recurrence were determined by reviewing the
medical records, including laboratory data, ultrasonography,
computed tomography, scintigraphy, peritoneal puncture,
and laparotomy or by direct inquiry with family members.
In some cases, postmortem examinations were undertaken
to determine the cause of death.
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Statistical analysis

For statistical analyses, differences between the two groups
were evaluated using the Mann—Whitney U test. The Youden
index was calculated using a receiver operating character-
istic (ROC) analysis to calculate an optimal cut-off value
for the preoperative and postoperative PNI to the overall
survival status. Survival curves were calculated according
to the Kaplan—Meier method. Differences between survival
curves were examined with the log-rank test. We performed
multivariate analysis of factors considered prognostic for
overall survival, using a Cox proportional hazards model
and a stepwise procedure. The covariates included in this
analysis were age, gender, tumor size, histology, depth of
invasion, lymph node metastasis, lymphatic vessel invasion,
blood vessel invasion, postoperative complication, and the
combination of preoperative and postoperative PNI. A P
value of < 0.05 was considered significant. GraphPad Prism
(GraphPad Software, Inc., La Jolla, CA, USA) and StatView
(Abacus Concepts, Inc., Berkeley, CA, USA) were used for
the statistical analyses.

Results

The mean preoperative PNI was 48.9 (range 30.6-63.6).
Table 1 shows the correlation between the preoperative PNI
and clinicopathologic factors. The preoperative PNI was
significantly lower in elderly patients (> 70 years) than in
younger patients (< 70 years); and in patients with large
tumors (> 4 cm) than in those with small tumors (< 4 cm),
respectively. Furthermore, a significantly lower PNI was
observed in patients with advanced GC, those with blood
vessel invasion, and those with stage II/III GC, than in
patients with early GC, those without blood vessel invasion,
and those with stage I GC, respectively. The mean postop-
erative PNI was 46.9 (range 24.2-61.7). The postoperative
PNI was significantly lower in elderly patients (> 70 years)
than in younger patients (< 70 years); in patients with large
tumors (> 4 cm) than in those with small tumors (< 4 cm);
and in patients with postoperative complications than in
those without postoperative complications, respectively.
There was a significant positive correlation between the
preoperative and postoperative PNI (Fig. 1).

ROC analysis showed that the optimal cut-off value of
the preoperative and postoperative PNI was 52 [area under
the curve (AUC), 0.695; P < 0.0001] and 49 (AUC, 0.679;
P < 0.0001), respectively. The patients were divided into the
following two groups based on the preoperative PNI: preop-
erative PNI of > 52 (pre-PNIi€" ; = 82) and preoperative
PNI of < 52 (pre-PNI**¥, n = 172). The 5-year overall sur-
vival rates of patients with either pre-PNI"€" or pre-PNI-*"
were 95.8 and 70.0%, respectively, and this difference was
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Table 1 Relationships between the preoperative and postopera-
tive prognostic nutritional index and clinicopathological variables in
patients with gastric cancer

Pre-PNI P value  Post-PNI P value
Age < 0.0001 < 0.0001
<70 (n=126) 50.5+6.2 48.7+5.5
>70 (n=128) 472 +6.0 452+ 6.4
Gender 0.075 0.94
Male (n = 186) 494 +59 46.9 +6.2
Female (n = 68) 474 +72 469 + 6.4
Tumor size < 0.0001 0.021
<4cm(n=153) 50.3 +6.0 475+6.3
>4cm(n=101) 46.8 + 6.4 46.0 + 6.0
Differentiation 0.42 0.138
Differentiated 48.6 + 6.6 46.5 + 6.4
(n=149)
Undifferentiated 493 +6.1 475+59
(n =105)
Depth of invasion 0.0086 0.349
T1 (n = 147) 49.8 +£6.1 471 £6.4
T2/3/4 (n = 107) 47.6 + 6.6 46.7 + 6.0
Lymph node metas- 0.066 0.846
tasis
Absent (n = 181) 493 +6.3 469 + 6.5
Present (n = 73) 477+ 6.4 469 +5.5
Lymphatic vessel 0.087 0.45
invasion
Absent (n = 107) 49.6 + 6.4 46.9 + 6.8
Present (n = 147) 483 +6.3 469 +£5.8
Blood vessel invasion 0.022 0.34
Absent (n = 125) 49.7+ 6.4 47.0+6.5
Present (n = 129) 48.1+6.2 46.8 +5.9
Stage of disease 0.019 0.37
I(n=161) 49.5+6.2 47.0+6.6
/I (n = 93) 477 +£6.5 46.6 +5.4
CEA 0.98 0.4
<5ng/ml (n=220) 488 +6.5 471 x6.1
>5ng/ml(n=34) 492+5.1 459+7.0
CA19-9 0.48 0.64
< 35 ng/ml 489 +£6.4 47.0+6.3
(n=236)
>35ng/ml (n=18) 48.0+6.3 464 +5.5
Gastrectomy 0.46 0.35
Distal/proximal 49.0+ 6.4 47.1+6.2
(n=181)
Total (n =73) 48.6 +6.3 46.5 +6.3
Lymphadenectomy 0.063 0.91
DO/D1/D1+ 493 +6.3 46.8 +6.7
(n=171)
D2 (n =83) 479 +6.3 47.1+5.0
Postoperative 0.82 0.0021
complication®
Absent (n = 185) 49.0 + 6.4 47.6 £ 6.0
Present (n = 69) 48.6 +6.2 450+ 6.5

Table 1 (continued)

All results are expressed as mean =+ standard deviation

PNI prognostic nutritional index, CEA carcinoembryonic antigen,
CA19-9 carbohydrate antigen 19-9

*Postoperative complications were considered as those of grade 2 or
higher according to the Clavien-Dindo classification
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Fig. 1 Correlations between the preoperative and postoperative prog-
nostic nutritional index. PNI prognostic nutritional index

significant (P < 0.0001; Fig. 2a). The patients were then
divided into the following two groups based on the postoper-
ative PNI: postoperative PNI of > 49 (post-PNIigh n = 95)
and postoperative PNI of < 49 (pre-PNI"*Y, n = 159). The
5-year overall survival rates of patients with either post-
PNIHigh or post-PNIXY were 91.4 and 70.1%, respectively,
and this difference was significant (P < 0.0001; Fig. 2b).
There were 57, 25, 38, and 134 patients in the pre-PNIigh
and post-PNIHie" pre-PNTHiE and post-PNI-Y, pre-PNI-*Y
and post-PNIHigh and pre-PNI- and post-PNI¥ groups,
respectively. Table 2 shows the relationships between post-
operative PNI and clinicopathological variables in patients
with gastric cancer according to the status of preoperative
PNI. In patients with pre-PNI-°¥, the frequency of postop-
erative complications was significantly lower in patients
with post-PNIH#" than in those with post-PNI-°Y. There-
fore, patients in the pre-PNI*% and post-PNI"ie" groups
could be characterized by a low frequency of postoperative
complications. In patients with pre-PNIH#" post-PNIXY was
observed more frequently in elderly patients, patients with
lymphatic vessel invasion, and patients with postoperative
complications than in younger patients, patients without
lymphatic vessel invasion, and patients without postopera-
tive complications, respectively. Therefore, patients with
pre-PNIHigh and post-PNI-®Y could be characterized by older
age and a high frequency of lymphatic vessel invasion and
postoperative complications. In comparing patients with
pre-PNIHi€" and post-PNI¥ and those with pre-PNI-*" and
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Fig. 2 a Survival curves based on the preoperative prognostic nutritional index. b Survival curves based on the postoperative PNI. PNI prognos-

tic nutritional index

post-PNIHigh 3 significant difference was observed only in
the incidence of postoperative complications (P = 0.0003),
but not in other clinicopathological characteristics. The over-
all 5-year survival rates were 80.1 and 67.1% for patients
with pre-PNIX" and post-PNIH€" and those with pre-PNI-Y
and post-PNI™*¥, respectively, and this difference was signif-
icant (P = 0.031) (Fig. 3a). Furthermore, the overall 5-year
survival rates were 100% and 83.4% for patients with pre-
PNIHigh and post-PNIHie" and those with pre-PNIHEM and
post-PNI-*Y, respectively, and this difference was significant
(P =0.0021) (Fig. 3b).

The patients were then divided into group A (those in
the pre-PNIi2" and post-PNIMi€" groups), group B (those in
either the pre-PNIME" and post-PNI¥ or pre-PNI-¥ and
post-PNIHigh aroups), and group C (those in the pre-PNI-%
and post-PNI®" groups). Group B contains two subgroups
because the 5-year overall survival rates were almost the
same (80.1% in patients with pre-PNI-°" and post-PNIHie
and 83.4% in those with pre-PNI™i€" and post-PNI™*V) as
mentioned above. The patients in groups A, B, and C were
assigned 0, 1, and 2, respectively, according to a previous
study [14]. ROC curves were constructed for the survival
status, and AUC values were compared to assess the dis-
crimination ability of the preoperative PNI, postoperative
PNI, and combination of the preoperative and postoperative
PNI (Fig. 4). Among the three prognostic scores, the com-
bination of the pre- and postoperative PNI had the highest
AUC value (0.703), followed by the preoperative PNI (AUC
0.695) and postoperative PNI (AUC 0.679). These findings
indicate that the combination of pre- and postoperative PNI
was more useful for predicting the prognosis of patients with
GC than was single use of either the pre-PNI or post-PNI.

The overall 5-year survival rates were 100.0, 83.0, and
67.1% for groups A, B, and C, respectively, these differences
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being significant (P < 0.0001; Fig. 5a). Furthermore, the
disease-specific 5-year survival rates were 100.0, 88.6, and
84.2% for groups A, B, and C, respectively, and these differ-
ences were also significant (P = 0.0091; Fig. 5b). Multivari-
ate analysis revealed that the combination of the pre- and
postoperative PNI was an independent prognostic indicator
(Table 3). Since age was also an independent prognostic
indicator and influenced postoperative PNI in this study,
we assessed the correlation between the combination of the
pre- and postoperative PNI and prognosis in elderly (> 70)
vs. younger (< 70) patients. The overall 5-year survival
rates were 100.0, 92.4, and 78.3% for groups A, B, and
C, respectively, and the difference was significant for the
younger patients (P = 0.017) (Fig. 6a). Furthermore, the
overall 5-year survival rates were 100.0, 75.1, and 59.0%
in groups A, B, and C, respectively, and this difference was
also significant for the elderly patients (P = 0.0029; Fig. 6b).

Discussion

Recent reports suggest that the outcomes of patients with
cancer are determined not only by tumor-related factors, but
also by patient-related factors. Inflammation, nutrition, and
immune status are the patient-related factors closely associ-
ated with the prognosis of patients with GC. The findings
of the current study established the prognostic significance
of the PNI, which is thought to reflect the patient’s nutri-
tional status. The PNI was originally designed to assess
the perioperative nutritional conditions and postoperative
complications in patients with colorectal cancer in Japan
[10]. It is simple to calculate and easily implemented in
clinical practice. During the past few years, the ability of
this PNI to predict both morbidity and long-term outcomes
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Table 2 Relationships between  poy pNy Pre-PNI low Pre-PNI high
the postoperative prognostic
nutritional index (PNI) and Low High Pvalue Low High P value
clinicopathological variables
in patients with gastric cancer Age 0.86 0.0089
according to the status of the <70 (n=126) 55 (41.0%) 15 (39.5%) 12 (48.0%) 44 (77.2%)
preoperative PNI >70 (n=128) 79 (59.0%) 23 (60.5%) 13 (52.0) 13 (22.8%)
Gender 0.8 0.83
Male (n = 186) 98 (73.1%) 27 (71.1%) 19 (76.0%) 42 (73.7%)
Female (n = 68) 36 (26.9%) 11 (28.9%) 6 (24.0%) 15 (26.3%)
Tumor size 0.06 0.31
<4cm(n=153) 65 (48.5%) 25 (65.8%) 21 (84.0%) 42 (73.7%)
>4 cm (n=101) 69 (51.5%) 13 (34.2%) 4 (16.0%) 15 (26.3%)
Differentiation 0.41 0.78
Differentiated (n = 149) 84 (62.7%) 21 (55.3%) 14 (56.0%) 30 (52.6%)
Undifferentiated (n = 105) 50 (37.3%) 17 (44.7%) 11 (44.0%) 27 (47.4%)
Depth of invasion 0.75 0.47
T1 (n = 147) 71 (53.0%) 19 (50.0%) 16 (64.0%) 41 (71.9%)
T2/3/4 (n = 107) 63 (47.0%) 19 (50.0%) 9 (36.0%) 16 (28.1%)
Lymph node metastasis 0.99 0.86
Absent (n = 181) 88 (65.7%) 25 (65.8%) 21 (84.0%) 47 (82.5%)
Present (n = 73) 46 34.3%) 13 (34.2%) 4 (16.0%) 10 (17.5%)
Lymphatic vessel invasion 0.66 0.048
Absent (n = 107) 51 (38.1%) 13 (34.2%) 9(36.0%)  34(59.6%)
Present (n = 147) 83 (61.9%) 25 (65.8%) 16 (64.0%) 23 (40.4%)
Blood vessel invasion 0.45 0.27
Absent (n = 126) 58 (43.3%) 18 (47.4%) 13 (52.0%) 37 (64.9%)
Present (n = 128) 76 (56.7%) 20 (52.6%) 12 (48.0%) 20 (35.1%)
Stage of disease 0.75 0.61
I(n=161) 78 (58.2%) 21 (55.3%) 18 (72.0%) 44 (77.2%)
/I (n = 93) 56 (41.8%) 17 (44.7%) 7(28.0%) 13 (22.8%)
Gastrectomy 0.16 0.068
Distal/proximal (n = 183) 97 (72.4%) 23 (60.5%) 16 (64.0%) 47 (82.5%)
Total (n =71) 37 (27.6%) 15 (39.5%) 9(36.0%) 10 (17.5%)
Lymphadenectomy 0.96 0.49
DO/D1/D1+ (n=171) 84 (62.7%) 24 (63.2%) 18 (72.0%) 45 (78.9%)
D2 (n =83) 50 (37.3%) 14 (36.8%) 7(28.0%)  12(21.1%)
Postoperative complication® 0.013 0.0027
Absent (n = 185) 93 (69.4) 34 (89.5) 12 (48.0%) 46 (80.7%)
Present (n = 69) 41 (30.6) 4 (10.5) 13 (52.0%) 11 (19.3%)

PNI prognostic nutritional index

#Postoperative complications were considered as those of grade 2 or higher according to the Clavien-Dindo

classification

of patients with various malignancies has been recognized.
Sakurai et al. [15] recently performed a multivariate analysis
of 5-year overall and disease-specific survival and found that
a low PNI was independently associated with unfavorable
outcomes for patients with GC. We also demonstrated in the
present study that the preoperative PNI is closely associated
with the prognosis of GC patients.

The detailed mechanism by which PNI is associated with
the prognosis of patients with cancer remains unclear. A

low PNI reflects a decreased serum Alb concentration or a
decreased LC. Serum Alb is the most abundant blood plasma
protein. It is produced in the liver and constitutes a large pro-
portion of all plasma proteins. Serum Alb is the traditional
standard factor used to assess a patient’s nutritional status.
The LC, which is another indicator used to measure the PNI,
also reflects a patient’s nutritional status. Therefore, the PNI
is likely to reflect the patient’s nutritional status better than
just either the serum Alb concentration or LC alone. The
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Table 3 Multivariate analyses Variables P value HR 95% CI
of factors prognostic for the
overall survival of patients with Age (years)® < 0.0001 1.065 1.036-1.094
gastric cancer Lymph node metastasis (NO-N3)° <0.0001 1.702 1.356-2.135
Combination of pre- and postoperative PNI 0.0119
Group A vs. group C 0.02 0.093 0.013-0.688
Group B vs. group C 0.0424 0.525 0.281-0.978

HR hazard ratio, CI confidence interval, PNI prognostic nutritional index

2Continuous variable

Lymph node metastasis: NO, no regional lymph node metastasis; N1, metastasis in 1-2 regional lymph
nodes; N2, metastasis in 3—6 regional lymph nodes; N3, metastasis in > 7 regional lymph nodes
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Fig. 6 Overall survival curves based on the combination of the preoperative and postoperative prognostic nutritional index. a Younger patients
(< 70 years). b Elderly patients (> 70 years). PNI prognostic nutritional index

LC is also believed to reflect the patient’s immune status.
Lymphopenia is common in patients with advanced cancer
and several studies have shown that a low preoperative LC
is related to poor prognosis for patients with various types
of cancer, including pancreatic cancer [16], esophageal
cancer [17], renal cancer [18], and sarcoma or lymphoma
[19]. These findings suggest that the LC in peripheral blood
reflects immune activity against cancer cells. Furthermore,
peripheral lymphocytes include natural killer cells, gamma-
delta T cells, natural killer T cells, and B cells. A close
correlation between decreased numbers of these immune
cells and poor prognosis has been demonstrated in both the
peripheral blood and cancer tissue of patients with certain
cancers [20-22]. Therefore, the peripheral LC might be a
good indicator of the cell-mediated immune status, includ-
ing both acquired and adaptive immunity, and the humoral
immune status against GC. The detailed mechanism of lym-
phopenia in patients with GC remains unclear. In this regard,
we reported previously that upregulated Fas expression in
CD8™* T cells is largely involved in increased apoptosis of
circulating CD8" T cells in patients with GC [23]. This

might be one of the mechanisms responsible for the lym-
phopenia. Overall, the PNI is possibly an effective patient-
related factor that includes both the nutritional and immune
status of patients with GC.

Most studies demonstrating the correlation between the
PNI and prognosis of patients who have undergone surgery
for cancer focus mainly on the preoperative PNI. However,
in the current study, we demonstrated that both the pre- and
postoperative PNI were closely associated with the progno-
sis of patients with GC. Shibutani et al. [24] also revealed
that the combination of the pre- and postoperative PNI was
an independent prognostic factor for patients with colorectal
cancer, indicating the importance of the postoperative nutri-
tional status in their prognosis. Importantly, they observed
a significant correlation between the pre- and postoperative
PNI, consistent with our results. However, in the present
study, there were 25 and 38 patients in the pre-PNI™€%/post-
PNI*Y groups and the pre-PNI“%/post-PNIie" groups,
respectively, indicating that the patients’ nutritional status
changed before and after the operation. Our results indicated
that this change is mainly due to age and the presence of
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postoperative complications. Therefore, we hypothesized
that the combination of the pre- and postoperative PNI
might be more useful to predict the prognosis of patients
with GC than the individual use of either the preoperative
PNI or the postoperative PNI. In fact, the AUC of their com-
bination was higher than that of either the preoperative PNI
or postoperative PNI alone. Furthermore, the prognosis of
patients with post-PNI™€" was significantly better than that
of patients with post-PNI“*" among those with pre-PNIHie?
and those with pre-PNIX®Y. These results show clearly that
the combination of pre- and postoperative PNI was more
useful to predict the prognosis of patients with GC than the
individual use of either the preoperative PNI or the postop-
erative PNI. In fact, the combination of the pre- and post-
operative PNI was significantly associated with both overall
and disease-specific survival in the current study. Moreover,
the combination of the pre- and postoperative PNI was sig-
nificantly associated with overall survival regardless of age.
Multivariate analysis revealed that the combination of the
pre- and postoperative PNI was an independent prognostic
indicator.

Because the pre- and postoperative PNI was closely
related to the prognosis of GC patients, nutritional sup-
port, such as enteral nutrition might improve the prognosis
of those patients with poor nutritional status. Furthermore,
since postoperative complications were significantly associ-
ated with the post-PNI'®Y status, every effort should be made
to prevent their development.

This study has a few limitations. First, some bias was
present because it was retrospective. Second, we measured
the PNI 1 month after the operation and used it as the post-
operative parameter; however, the best timing to measure
the postoperative PNI remains unclear. Third, the number
of patients included in the current study was small; there-
fore, a large-scale, prospective randomized controlled trial
is needed to confirm the results.

In conclusion, the combination of the pre- and postopera-
tive PNI appears to be useful for predicting the prognosis of
patients with GC. Because blood analytes can be measured
easily in routine clinical practice and noninvasive assays,
the pre- and postoperative PNIs may be useful biological
markers in the routine clinical setting to help physicians plan
optimal treatment strategies.
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