
Abstract. Background: The declining mortality rate of
patients with colorectal cancer (CRC) can be explained, at
least partially, with early diagnosis. Simple diagnostic
methods are needed to achieve a maximal patient
participation rate in screening. Materials and Methods: Liquid
chromatography electrospray tandem mass spectrometry (LC-
MS/MS) was used to determine urinary polyamine (PA)
profiles. In a prospective setting, 116 patients were included
in the study: 57 with CRC, 13 with inflammatory bowel
disease (IBD), 12 with adenoma, and 34 controls. Results:
N1,N12-diacetylspermine (DiAcSPM) level was significantly
higher in patients with CRC than controls (sensitivity=78.0%,
specificity=70.6%; p=0.00049). The level of diacetylated
cadaverine (p=0.0068) was lower and that of diacetylated
putrescine (p=0.0078) was higher in patients with CRC than
in those with IBD. Cadaverine (p=0.00010) and spermine
(p=0.042) levels were lower and that of DiAcSPM (p=0.018)
higher in patients with CRC than in those with adenoma.
Conclusion: The simultaneous determination of urinary PAs
by means of LC-MS/MS can be used to discriminate CRC from
controls and patients with benign colorectal diseases.

Colorectal cancer (CRC) is the third commonest type of cancer
worldwide, with 1.4 million patients and 694,000 deaths in
2012 (1). Although the CRC incidence rate has generally
declined, its incidence has increased in Western Asia, Eastern
Europe and Scandinavian countries (2-7). Despite the high
incidence of CRC in developed countries, its annual mortality
rate declined between 2000 and 2009, by 3% (8). The decrease
can be partially explained by improved screening and early
diagnosis (2, 4-7). However, the complexity of the screening,
for instance, patient bowel preparation, lowers the screening
rates. According to previous studies, the participation rates in
screening through fecal immunochemical testing and
colonoscopy have been low, amounting to approximately 34%
and 25%, respectively (9, 10). An easier diagnostic method
could increase participation rates.

Polyamines (PAs) are molecules that are indispensable in
normal cell growth, gene expression and cell proliferation.
The transition from healthy cell to tumor requires
particularly increased cell proliferation. Because PAs are
needed in cell proliferation, their concentrations increase
during the transition from a healthy to a tumor cell (11, 12). 

PAs can exist as either free or conjugated forms in cells and
physiological fluids, but in urine, they are mainly excreted in
their acetylated forms. The concentrations of free PAs are also
increased in many benign disorders. Recently, it was shown
that the level of acetylated PAs is more specific for cancer. For
example, N1,N12-diacetylspermine (DiAcSPM) was found to
be increased in CRC and also in dysplastic colorectal lesions
(13, 14).

Our group has developed and validated a novel liquid
chromatography electrospray tandem mass spectrometry (LC-
MS/MS) method for the simultaneous analysis of 14 PAs in
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urine, including their mono-and diacetylated forms (15). Using
this method, we were able to distinguish between benign and
malignant ovarian tumors (16). Our LC-MS/MS method
utilizes deuterated internal standards in quantitation. Fourteen
individual PAs including their mono- and diacetylated
metabolites can be analyzed in a single analytical run, which
differentiates our method from previous ones.

The aim of this prospective study was to investigate all
urinary free, mono-and diacetylated PAs using this LC-MS/MS
method in patients with CRC and compare them against
controls and the most important benign differential diagnostic
options [adenoma, inflammatory bowel disease (IBD). Our
primary hypothesis was that the comprehensive PA profiles
would be able to discriminate healthy controls from patients
with CRC and from those with benign diseases, and that
curative resection of CRC would be reflected in the
postoperative PA levels. A secondary hypothesis was that benign
colorectal disorders could be discriminated from each other. 

Materials and Methods

Study population. The study population was recruited from the
Seinäjoki Central Hospital between 6 Apr 2013 and 11 Jul 2015 and
from Kuopio University Hospital between 9 May 2014 and 16 July
2015. Written, informed consent was obtained from all patients for
participation and use of tissues and data.

The inclusion criteria were active CRC, IBD, or colonic
adenoma >1 cm or two smaller adenomas. Eighty patients with
CRC, 20 with adenomas, 20 with IBD and, for the control group,
20 patients scheduled for either an inguinal or ventral hernia

operation and 20 patients scheduled for laparoscopic
cholecystectomy were included in the study. All controls were
without symptoms (diarrhea, constipation, irregular bowel
movements) related to the lower gastrointestinal tract.

The exclusion criteria were a failure in sample collection due to
reasons related to the patient (long distance) or the staff (samples
were not taken, samples were not frozen), or due to other mistakes
in sample collection. Forty-four patients were excluded due to a
failed urine sample. Finally, 116 patients were included in the study:
57 with CRC (38 colonic, 19 rectal), 13 with IBD, 12 with adenoma
and 34 controls (19 patients scheduled for hernia repair and 15 for
laparoscopic cholecystectomy). In addition, for 33 patients (21
colonic cancer, 12 rectal cancer), both pre-and postoperative urine
samples were taken. According to Finnish standards, the
postoperative carcinoembryonic antigen (CEA) samples were taken
2-3 months after the curative operation. The included and excluded
patients did not differ from each other as regards sex and age. 

Clinicopathological data on the included patients with CRC,
adenoma and IBD are shown in Table I. The severity of IBD was
defined using the Mayo Score (ulcerative colitis) (17) and simplified
endoscopic activity score for Crohn’s disease (18). Adenomas and
CRC were defined using the WHO classification (19).

Patients with CRC or an adenoma as well as the control group
gave one urine sample before the surgical procedure. In addition,
patients with IBD gave one urine sample when they were referred
for lower gastrointestinal endoscopy. For the surgical patients, a
postoperative urine sample was taken 2-3 months after the curative
surgical procedure.

The patients provided routine morning urine samples, or samples
where the urine had remained in the bladder for at least 4 hours, and
the samples were stored within 2 hours in the laboratory at −70 -
−80˚C until analysis. Urine was collected prospectively without
preservatives. All patients were on unreported self-selected diets.
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Table I. Clinicopathological data and median urinary creatinine of patients with colorectal cancer (n=57), with adenoma (n=12) and patients with
inflammatory bowel disease (n=13).

                                                Colonic cancer, n    Rectal cancer, n                                      Adenoma, n                                                IBD, n
Type                                           Left-sided, 16            Rectal, 16          Type*                           Tubular              5          Type                 UC                 9
                                                  Right-sided, 14     Recto-sigmoid, 3                                   Tubule-villosus        5                                 Crohn               3
                                                Undetermined, 8                                                                     Tubular and          1                               Ischemic             1
                                                                                                                                                tubulovillosus

Histological grade
   I                                                         1                              2                 No. of adenomas              1                   9       Location          Proctitis             0
   II                                                       34                                                                                         >1                  3                              Left-sided            7
   III                                                      3                              2                 Grade of dysplasia*      Low                10                            Right-sided          2
   IV                                                      0                              1                                                        High                1                            Whole colon         4
Stage
   IA                                                      6                              1                                                                                          Severity              Mild                1
   IB                                                      4                              4                                                                                                                 Moderate            6
   IIA                                                     8                              8                                                                                                                   Severe              6
   IIB                                                     2                              0                                                                                                                                              
   IIIA                                                   6                              0                                                                                                                                              
   IIIB                                                   8                              5                                                                                                                                              
   IV                                                      4                              0                                                                                                                                              
Urinary creatinine (μmol/l)              7513                        9993                                                                           6712                                                    9296

UC:  Ulcerative colitis. *No histological data for one case.



Three patients had undergone long-term chemoradiotherapy and
four short-term radiotherapy before rectal surgery and also before
giving the preoperative urinary sample. Before sample preparation,
the urine specimens were thawed unassisted at room temperature
and centrifuged at 13,000 rpm for 5 min at 20˚C. In addition,
creatinine concentration in urine was measured enzymatically using
Cobas 6000, C 501-module (Roche Diagnostics GmbH, Mannheim,
Germany) to determine in effect of kidney function. Using the
creatinine concentrations, PA concentrations were normalized
allowing comparison in parallel with the raw results. The
normalized results were reported as μmol/g creatinine.

Determination of PAs. A detailed description of the LC-MS/MS
method has been published elsewhere (15). The method has been
validated according to the Food and Drug Administration guidelines.
Following Pas were analysed: diacetylputrescine (DiAcPU),
diacetylcadaverine (DiAcCAD), diacetylspermidine (DiAcSPD),
diacetylspermine (DiAcSPM), acetylputrescine, (AcPUT),
acetylcadaverine (AcCAD), N1-acetylspermidine (N1-AcSPD), N8-
acetylspermidine (N8-AcSPD), cadaverine (CAD), spermidine
(SPD), spermine (SPM), acetylspermine (AcSPM), 1,3-
diaminopropane (DAP) and putrescine (PUT). The standards and
calibration curve quality control samples were made using water as
a diluent, and urine-based quality control samples were made using
pooled urine samples spiked with PA standards, without spiking, and
by diluting with water. Calibration standards were analyzed before
and after the urine samples within each analysis, and quality control
samples between the study samples. Solid-phase extraction
cartridges were used in sample preparation to remove impurities.
Calibration ranges and limit-of-quantitation values were used for all
14 PAs, as described elsewhere (15). The acceptance value for intra-
and inter-run precision and accuracy were set to <15% and 85%-
115%, respectively. An exception was made for the lowest

calibration point where the precision and accuracy were <20%.
Three PAs (AcSPM, DAP and PUT) in the samples had
concentrations that were below the lower limit of quantitation of our
method and were thus excluded from further analysis.

Statistical analysis. Values are presented as median and interquartile
range (IQR). In the statistical analysis, the non-parametric Wilcoxon
rank-sum test was used. The significance level was set at p<0.05.
For each statistically significant difference in PA concentration,
sensitivities and specificities were reviewed. Receiver operating
characteristic (ROC) curve analyses were performed and the area
under the curve (AUC) was measured for those PAs. 

Ethics. The study was approved by the Ethical Committee of
Tampere University Hospital (R10066). 

Results

Patient characteristics. The group of patients with CRC
consisted of 33 men and 24 women (median age=70 years),
while that with IBD of seven men and five women (median
age=43.5 years), with adenoma of six men and five women
(median age=70.5 years) and the control group of 17 men
and 17 women (median age=57 years), respectively. 

The effect of CRC. DiAcSPM (sensitivity=78%, specificity=
70.6%, p=0.00049; AUC=0.72) was higher in patients with
CRC when compared to the control group. The creatinine-
normalized concentrations of AcPUT, DiAcSPD, N1AcSPD
and N8AcSPD were significantly higher than those of the
control group (Table II, Figure 1).
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Table II. Median raw (IQR) and creatinine-normalized polyamine (PA) levels in controls, patients with inflammatory bowel disease, adenoma, and
colorectal cancer (CRC) preoperatively and postoperatively.  Three polyamines [acetylpermine (AcSPM), 1,3-diaminopropane (DAP) and putrescine
(PUT)] were excluded because of an inadequate number of samples. 

                                     Control                                      IBD                              Adenoma                        CRC-preoperative              CRC-postoperative

PA                        nmol/l             μmol/g            nmol/l            μmol/g           nmol/l           μmol/g            nmol/l            μmol/g            nmol/l           μmol/g 
                                                 creatinine                              creatinine                             creatinine                                creatinine                             creatinine

DiAcPUT         81.8 (92.5)          0.0919     169.4 (162.7)a       0.190ab      61.7 (167.1)        0.103         86.0 (76.2)c          0.101cd       89.9 (147.9)       0.110
DiAcCAD        28.3 (62.9)          0.0351       91.9 (161.9)cab   0.0768       30.0 (6.9)            0.0375       20.7 (55.0)c          0.0273        42.0 (103-6)       0.0461
DiAcSPD       215.4 (236.9)        0.217       233.2 (544.0)        0.363a     293.3 (322.8)        0.235       278.7 (325.9)         0.307a       278.6 (216.0)       0.325
DiAcSPM        74.4 (130.49)      0.0855     101.8 (270.6)        0.163ab      76.0 (95.8)          0.0970     170.0 (189.6)abd    0.182abd    100.0 (341.7)       0.101
AcPUT         9182.7 (10296.6)  10.0         8806.4 (12037.9)  13.1a       9754.1 (12956.9)    8.55     10345.7 (11229.3)   11.1a       10058.5 (6278.0)   10.7
AcCAD          643.1 (1257.8)      0.605     1387.5 (2339.5)a    1.17ab      464.1 (1346.6)      0.475       674.0 (1764.3)       0.692b     1126.0 (3484.7)     1.17
N1AcSPD     3074.2 (2483.9)      3.09       1397.2 (5339.3)      4.04       2664.3 (3235.7)      3.74       3720.4 (3112.6)     37.9a         2123.8 (2798.7)     3.53
N8AcSPD     2348.1 (1959.8)      2.52       2483.9 (3372.3)      2.87       2319.8 (3246.3)      2.25       2691.1 (2203.6)       3.08ab     2591.7 (1970.7)     3.14
CAD                 59.9 (175.4)        0.0819     110.7 (624.8)c      0.215a     314.0 (131.0)ba     0.438a        72.9 (72.9)a          0.0968b       82.5 (169.3)       0.107
SPD                176.9 (188.3)        0.167       158.7 (224.3)        0.190       216.1 (214.5)        0.167       188.1 (190.7)d       0.187        139.3 (128.9)       0.167
SPM               109.1 (88.0)          0.238       221.9 (263.8)        0.346       516.4 (1418.5)b    0.349a      133.0 (706.6)b       0.129        192.6 (196.9)       0.130

DiAcPut: Diacetylputrescine, DiAcCAD: diacetylcadaverine, DiAcSPD: diacetylspermidine, DiAcSPM: diacetylspermine, AcPUT: acetylputrescine,
AcCAD: acetylcadaverine, N1AcSPD: N1-acetylspermidine, N8AcSPD: N8-acetylspermidine, CAD: cadaverine, SPD: spermidine, SPM: spermine.
Significantly different at p<0.05: avs. Controls, bvs. adenoma, cvs. CRC, dvs. Post-op. Creatinine-normalized PA levels (μmol/g creatinine) were
calculated using the equation: PA conc. (nmol/l)/[creatinine conc. (μmol/l)*113.1 g/mol/1000]. 



DiAcCAD (p=0.0068) and DiAcPUT (p=0.0078) were
significantly lower in patients with CRC than in those with
IBD. For the creatinine-normalized concentration, differences
in DiAcCAD did not reach statistical significance, but
DiAcPUT showed the same pattern (Table II).

CAD (p=0.0001) and spermine (p=0.042) concentrations
were lower and DiAcSPM (p=0.018) higher in patients with
CRC than in those with adenoma. In addition, raw AcCAD
and N8AcSPD concentrations in urine were higher in
patients with CRC than in those with adenoma when
compared with the creatinine-normalized concentrations.

The effect of IBD. DiAcPUT (sensitivity=53.8%, specificity=
88.2%, p=0.0056; AUC=0.76), DiAcCAD (sensitivity=0%,
specificity=97.1%, p=0.033; AUC=0.70), and AcCAD
(sensitivity=23.1%, specificity=94.1%, p=0.020; AUC=0.72)
were higher in patients with IBD than in controls. For the
creatinine-normalized results, AcPUT, DiAcSPD, CAD, and
DiAcSPM concentrations were found to be higher in patients
with IBD when compared to the control group (Table II).

CAD was higher in patients with adenoma than in controls
(sensitivity=75.0%, specificity=82.4%, p=0.0042; AUC=0.78).
Spermine concentration was also higher in patients with
adenoma when using the creatinine-normalized concentration
(Table II).

DiAcCAD was higher in patients with IBD than in patients
with adenomas (p=0.019; Table II). However, with the
creatinine-normalized results DiAcCAD did not show
significant differences but DiAcPUT, AcCAD, and DiAcSPM
were higher in patients with IBD than in those with adenoma.
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Figure 2. Diacetyl spermine (DiAcSPM) concentrations in urine from
patients before and after curative resection with colorectal cancer. The
upper and lower box boundaries show the 75th and 25th percentiles, a
plus sign indicates the mean, and a horizontal line indicates the median
value. The upper and lower bars indicate the highest and lowest
concentrations. Circles present outliers that fall outside 1.5 times the
interquartile range above the upper quartile.

Figure 1. Diacetyl spermine (DiAcSPM) concentrations in control,
patients with colorectal cancer, inflammatory bowel disease and
adenoma. The upper and lower box boundaries show the 75th and 25th
percentiles, a plus sign indicates the mean, and a horizontal line
indicates the median value. The upper and lower bars indicate the
highest and lowest concentrations. Circles present outliers that fall
outside 1.5 times the interquartile range above the upper quartile.

Figure 3. Spermidine (SPD) concentrations in urine from patients before
and after curative resection with colorectal cancer. The upper and lower
box boundaries show the 75th and 25th percentiles, a plus sign
indicates the mean, and a horizontal line indicates the median value.
The upper and lower bars indicate the highest and lowest
concentrations. Circles present outliers that fall outside 1.5 times the
interquartile range above the upper quartile. 



The effect of surgical treatment. DiAcSPM (p=0.00016) and
spermidine (p=0.046) were lower in patients after a curative
operation for CRC than preoperatively. Results for
creatinine-normalized and raw concentrations in urine did
not differ when comparing the pre-and postoperative samples
(Table II, Figures 2 and 3). 

The effect of sex. CAD (p=0.004) was lower among men in
both control and CRC groups, while spermine was higher in
men of control (p<0.001) and CRC (p<0.001) groups than
in the corresponding women. In addition, N1AcSPD
(p=0.025) and N8AcSPD (p=0.02) were higher in men with
CRC than in women with CRC (Table III).

The effect of location of cancer. AcPUT (p=0.029) was higher
in patients with rectal cancer (median=17690 nmol/l) than in
those with colonic cancer (median=9927 nmol/l), when all
rectal cancer cases were included. The AcPUT (p=0.019)
values were also significantly different (median=17890 vs.
9927 nmol/l) when patients with rectal cancer with
preoperative treatment were excluded. When both preoperative
treatment methods (long-term chemoradiotherapy and short-
term radiotherapy) were included, the preoperative treatment
group had lower DiAcSPD (median=439.3 vs. 278.5 nmol/l;
p=0.015), N1AcSPD (median=4,976 vs. 3,757 nmol/l;
p=0.020) and N8AcSPD (median=4,057 vs. 2,256 nmol/l;
p=0.011) compared to those patients with rectal cancer who
had received no preoperative treatment.

CAD was higher in stage I (median=178.2 nmol/l) when
compared to stage II (median=52.4 nmol/l; p=0.009) and
stage III (median=52.4 nmol/l; p=0.0047), while DiAcSPM

was lower in stage I (median=134.8 nmol/l) than in stage II
(median=215 nmol/l; p=0.0038). 

Discussion

With the simultaneous analysis of 14 urinary PAs, including their
acetylated forms, by means of LC-MS/MS, we were able to
separate patients with CRC from the control group and also from
the most important benign differential diagnostic alternatives.
Additionally, patients with non-malignant colonic diseases were
differentiated from each other and from the controls. 

DiAcSPM has been demonstrated a promising biomarker
for CRC. DiAcSPM performed better than CEA and cancer
antigen 19-9 (CA19-9), with a sensitivity of 75.8% and
specificity of 77%, while CEA and CA19-9 had sensitivities
of 39.5% and 14.1%, respectively (13). Unfortunately,
specificities of CEA and CA 19-9 were not mentioned in that
study. The study included 248 patients with CRC and 51
controls, but the control group also included patients with
benign diseases such as IBD or adenoma (13). In our study,
DiAcSPM had a sensitivity of 78.0% and specificity of
70.6%, which are well comparable with these figures. No
comprehensive PA profiles have been previously documented
for individual colorectal diseases, and benign disorders could
thus not be separated from each other. In fact, acute
inflammation increases PA levels, which can cause further
problems when trying to discriminate between CRC and IBD
(13). Our method of simultaneous analysis of 14 urinary PAs
for CRC, IBD, adenoma and controls by means of LC-
MS/MS could help in discrimination between CRC and
benign colorectal diseases. Proliferation increases along the
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Table III. Median (IQR) levels (nmol/l) of 11 polyamines (PA) in controls, patients with colorectal cancer (CRC) and all patients according to sex. Three
polyamines [acetylpermine (AcSPM), 1,3-diaminopropane (DAP) and putrescine (PUT)] were excluded because of an inadequate number of samples. 

                                                   Controls                                                                CRC                                                                  Overall

PA                                Men                            Women                             Men                            Women                           Men                           Women

DiAcPUT             69.2 (91.5)                    102.6 (96.0)                    88.0 (106.9)                 77.7 (86.7)                    86.4 (106.9)             102.1 (108.1)
DiAcCAD            28.9 (77.1)                      14.3 (68.0)                    27.1 (43.3)                   21.5 (59.8)                    30.0 (53.4)                 30.2 (74.8)
DiAcSPD           165.6 (160.3)                  268.2 (274.5)                294.3 (311.1)               202.2 (322.0)                237.5 (351.4)             287.3 (313.9)
DiAcSPM             70.2 (61.8)                      81.6 (158.5)                157.2 (191.4)               169.3 (202.8)                105.9 (165.7)             114.8(185.4)
AcPUT             8059.9 (7155.4)            14114.7 (9823.5)          10822.4 (10049.2)         8605.7 (15611.6)          9926.9 (9669.8)      10775.9 (12294.4)
AcCAD              720.4 (1303.0)                482.7 (1046.1)              544.0 (1844.8)             899.6 (1604.6)              734.0 (1575.0)          899.7 (1482.6)
N1AcSPD         3519.1 (2140.0)              2839.6 (2365.2)            4415.4 (3429.2)b         2972.3 (2365.2)           3706.4 (3889.4)        3292.2 (3011.2)
N8AcSPD         2250.7 (2153.1)              3272.8 (2022.2)            3294.8 (2674.8)b         2190.7 (1908.7)           2743.1 (2649.6)        2293.3 (2333.7)
CAD                     52.4 (12.6)                    156.1 (303.7)                  52.4 (31.9)b               160.4 (186.5)                  52.4 (51.7)c             178.2 (259.8)
SPD                    182.2 (225.0)                  152.7 (178.2)                282.9 (216.0)b              114.2 (109.4)                224.3 (206.7)c           149.0 (146.1)
SPM                   937.4 (1038.4)a                64.4 (23.5)                  582.2 (1175.0)b              50.9 (21.4)                  496.1 (1035.8)c           53.5 (21.2)

DiAcPut: Diacetylputrescine, DiAcCAD: diacetylcadaverine, DiAcSPD: diacetylspermidine, DiAcSPM: diacetylspermine, AcPUT: acetylputrescine,
AcCAD: acetylcadaverine, N1AcSPD: N1-acetylspermidine, N8AcSPD: N8-acetylspermidine, CAD: cadaverine, SPD: spermidine, SPM: spermine.
Significantly different at p<0.05: avs. Control women, bvs. CRC women, cvs. all women.



adenoma–carcinoma sequence among patients with familial
adenomatous polyposis (20). In addition, PAs are related to
cell proliferation (21). 

Our findings that most of the PAs were found at higher
levels in CRC than in adenoma are well in accordance with
previous studies that have demonstrated that cellular
proliferation increases along the adenoma–carcinoma sequence
(20) and that PA levels correlate with proliferation (21). Our
findings give new information about the pathophysiology of
CRC, since PA profiles in benign and malignant colorectal
diseases have not been studied previously to our knowledge.

Both in the study by Hiramatsu et al. (13) and in the present
study, the sensitivity of DiAcSPM was at least 75%, thus
allowing its use in the diagnostic workup of patients with CRC.
A commercial enzyme-linked immunosorbent assay for
DiAcSPM is now available (22) and might be used to determine
DiAcSPM concentration when LC-MS/MS is unavailable.
However, DiAcSPM is not specific for CRC, since it is also
increased in non-small-cell lung cancer (23), which has to be
taken into account in the differential diagnosis of CRC.

We also found differences in PA levels between the non-
malignant colorectal diseases. For example, AcPUT, DiAcSPD,
CAD and DiAcSPM separated IBD from the control group, and
CAD separated those with adenoma from the control group.
Additionally, DiAcPUT, AcCAD and DiAcSPM differed
between patients with IBD and those with adenoma. In addition,
the respective sensitivity and specificity of CAD in
differentiating adenoma from the controls were 75% and 82.4%,
which, as such, is a very promising result, although our patient
numbers were quite low. The results of the present study indicate
that different PAs are elevated in different colorectal diseases and
therefore this phenomenon could aid in diagnosis. To the best of
our knowledge, this is reported for the first time herein.

In the present study, DiAcSPM and spermidine levels were
lower in patients after curative resection of CRC. Our findings
indicate that the LC-MS/MS method might be used not only for
the primary diagnosis of CRC but also as a diagnostic tool in the
follow-up of patients after curative resection of CRC. In
addition, DiAcSPD, N1AcSPD and N8AcSPD were lower
among patients with rectal cancer who had received preoperative
oncological treatment when compared to those who were
operated on without these treatments. Future studies are needed
to investigate whether these PAs could also be used as a
diagnostic tool in the follow-up of patients after oncological
treatment for CRC, since our patient numbers in these categories
were too low to draw conclusions regarding this matter. The
association of increased PA synthesis with cancer has been
known for a long time. In fact, PAs mediate the expression of
proto-oncogenes related to CRC (24) and proto-oncogene
expression is also related to PA metabolism in CRC (25). The
modulation of PA synthesis is a potential mode of treatment in
cancer types in which differing PA levels are found (26), which
further increases the importance of the results of our study.

The limitation of our study is the small number of patients
and the few urine samples collected after curative resection of
CRC. Therefore, our subgroup analysis (stage, colonic vs. rectal
cancer, and sex) should be interpreted with caution. Although
statistically significant differences were found between patients
with CRC, controls as well as IBD and patients with adenoma,
a larger multicenter study is needed to more accurately define
the PA levels and profiles of each disease. This could allow the
use of only one or some PAs instead of 14 PAs in the
diagnostics of both benign and malign colorectal diseases. In
addition, our patients were not on any standardized diet before
sampling, which could be a source of bias. However, in a
previous study, no positive association between dietary PAs and
CRC was found (27). Finally, the results concerning DiAcCAD
and DiAcPUT should be interpreted with caution, since their
analysis was only semiquantitative (15).

The strength of our study was that we were able to
simultaneously analyze 14 PAs and the fact that our study
was prospective, thus allowing all patient-related aspects to
be reliably identified. In addition, using the creatinine
concentrations, we were able to normalize the PA
concentrations and compare them in parallel with the raw
results. Although normalization using urinary creatinine may
serve poorly in the case of PAs (28), we found that in CRC,
creatinine concentration had an effect on the results.

Conclusion 

Urinary PAs determined by means of LC-MS/MS can be
used to discriminate between controls and patients with CRC
or non-malignant colorectal diseases. Furthermore, this
method can be used to separate non-malignant diseases from
each other and follow treatment responses among patients
after a curative operation for CRC. In addition, the
sensitivity and specificity of some PAs, especially
DiAcSPM, were adequate to start using them as diagnostic
tools for patients with CRC. However, due to the relatively
small number of patients herein, a larger study is needed
before adopting this method for routine use. 
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