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Abstract.
OBJECTIVE: The EDIM (Epitope detection in monocytes) blood test is based on two biomarkers Apo10 and TKTL1. Apo10
is responsible for cell proliferation and resistance to apoptosis. TKTL1 plays a major role in anaerobic glycolysis of tumor cells,
leading to destruction of the basal membrane and metastasis as well as in controlling cell cycle. For the first time we analyzed
Apo10 and TKLT1 in patients with cholangiocellular (CCC), pancreatic (PC), and colorectal carcinoma (CRC).
METHODS: Blood samples of 62 patients with CCC, PC, and CRC were measured and compared to 29 control patients. We
also investigated 13 patients with inflammatory conditions, because elevated TKTL1 and Apo10 have been previously described
in affected individuals. Flow cytometry was used to detect surface antigens CD14+/CD16+ (activated monocytes/macrophages).
Percentages of macrophages harboring TKTL1 and Apo10 were determined. A combined EDIM score (EDIM-CS: TKTL1 plus
Apo10) was calculated. Results were correlated with serum tumor markers CEA and CA19-9.
RESULTS: Patients with CCC had 100% positive EDIM-CS but CEA and CA19-9 were positive in only 22.2% and 70%,
respectively. Patients with PC had 100% positive EDIM-CS but positive tumor markers in only 37.5% (CEA) and 72.7% (CA19-
9). Patients with CRC had 100% positive EDIM-CS but only 50% positive CEA. EDIM-CS was positive in 100% (62/62) of all
cancer patients and in 0% of healthy individuals. Of the individuals with inflammation, 7.7% had a positive EDIM-CS.
CONCLUSION: The sensitivity of the EDIM blood test and the comparison with traditional tumor markers indicate that this
new test might improve the detection of carcinomas (CCC, PC and, CRC) and might be relevant for the diagnosis of all tumor
entities.
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1. Introduction

Tumor staging is based on histological and serolog-
ical findings as well as endoscopy and imaging [1,2].
Cholangiocellular (CCC), pancreatic (PC), and col-
orectal carcinomas (CRC) often show elevated serum
levels of carbohydrate antigen 19-9 (CA 19-9) and/or
carcinoembryonic antigen (CEA) [3–5]. However, sen-
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sitivity and specificity are different and not all patients
have positive tumor markers available [6,7].

The EDIM-technology utilizes the published epi-
tope detection in monocytes (EDIM) technology [8–
10]. The EDIM blood test is based on the fact that acti-
vated monocytes phagocytose tumor cells and store tu-
mor proteins intracellularly. After they migrate back to
the blood, specific antibodies can be used to detect ac-
tivated monocytes (macrophages) with intracellular tu-
mor particles. Therefore flow cytometry is used to an-
alyze the peripheral blood of the patients. Particularly
the EDIM blood test focuses on the detection of the
two biomarkers Apo10 and TKTL1 in CD14+/CD16+

activated monocytes (macrophages).
Transketolase-like protein 1 (TKTL1) is a cru-

cial enzyme in the non-oxidative arm of the pentose
phosphate pathway (PPP) leading to preferential lac-
tate production, acidification of the tumor microen-
vironment, metastasis, and cell migration [11]. Be-
sides this TKTL1 enables the production of Acetyl-
CoA, a central metabolic building block for lipids.
Recently, it has been demonstrated that TKTL1 con-
trols cell cycle [12]. Upregulation of TKTL1 is associ-
ated with poor prognosis in colon and urothelial can-
cer as well as rectum and lung carcinoma [10,13–15].
Feyen et al. showed that EDIM-TKTL1 blood test
is a reliable method to detect upregulation of glu-
cose metabolism in tumor cells correlating with FDG-
PET/CT results [16].

TKTL1 not only leads to an increased aerobic
glycolysis contributing to carcinogenesis but is also
needed for rapid cell growth and full viability of hu-
man tumor cells [17,18]. This was especially observed
in CRC cells, where inhibition of TKTL1 gene expres-
sion leads to a reduced proliferation rate and decreased
glucose metabolization [19]. Therefore high TKTL1
expression was visible as a marker for uncontrolled
cell-proliferation and carcinogenesis [19,20].

Another protein which is overexpressed in many tu-
mors is DNaseX (Desoxyribonuclease X). In normal
cells DNaseX leads to DNA breaks and apoptosis. In
tumor cells the enzyme activity of DNaseX is blocked
by inhibitors, resulting in accumulation of DNaseX
in the nucleus, apoptosis resistance, and uncontrolled
cell proliferation [20–23]. The monoclonal antibody
Apo10 is used to identify the Apo10-epitope on DNa-
seX. Elevated Apo10-epitope can be found in tumor
cells, for example in oral squamous cell carcinoma
(OSCC) as well as in A549 – lung carcinoma, KYM –
rhabdomyosarcoma, MCF7 – breast carcinoma and in
HepG2 – hepatoblastoma cell lines. In contrast, ab-

sent or only weak expression has been observed in
hematopoietic cells [21,23].

Since inflammation plays a role in certain situa-
tions of cancer treatment, we also evaluated patients
with such conditions (not suffering from malignant dis-
eases) in order to better determine the value of the
EDIM blood test for cancer patients.

Here, we analyze for the first time the role of the
EDIM blood test for detection of Apo10 and TKTL1
in CCC, PC, and CRC. Special focus was on detection
characterization, progress, and response to chemother-
apy in patients.

2. Material and methods

2.1. Patients

In total, 62 patients with tumor diseases (CCC (n =
10), PC (n = 34), and CRC (n = 18)) were analyzed.
All patients, apart from the patients with inflamma-
tion, underwent either surgical intervention or pallia-
tive chemotherapy or best supportive care. 32/34 PC
patients, 16/18 CRC patients and 10/10 CCC patients
were tested with the EDIM blood test before initiating
therapy. The rest of the patients were tested for at least
six weeks after therapy.

In the follow-up groups, depending on the chemoth-
erapy protocols, the following application of treatment
was either after one or two weeks. If there was a
deterioration of general condition, chemotherapy was
postponed. Tumor etiologies had been confirmed by
histopathology in all patients.

In addition, 16 age-matched healthy patients were
included into the investigation as the control group to
determine the EDIM-Apo10 and EDIM-TKLT1 scores
in healthy individuals. To analyze if inflammation pos-
sibly has an effect on the EDIM scores, 13 patients
with inflammatory diseases (cholangitis (n = 1), pan-
creatitis (n = 7) and colitis (n = 5)) were used as addi-
tional separate controls. The conventional tumor mark-
ers CEA and CA19-9 were measured in the serum of
tumor patients. Patients were considered positive for
CEA and CA 19-9 if the serum levels were > 5 µg/L
and > 37 kU/L, respectively.

Follow-up evaluation (n = 10 patients and n =
13 follow-ups) was performed after a mean of three
months (two or three times) consisting of physical ex-
amination and imaging such as computer tomography
(CT) or magnetic resonance tomography (MRI). Blood
was taken before initiating chemotherapy and when the



S. Saman et al. / Biomarkers Apo10 and TKTL1: EDIM as possible new diagnostic approach for CCC, PC and CRC 131

patients presented themselves for the follow-up. An
EDIM blood test was then performed.

The study was approved by the Ethics Committee of
the University Hospital Tuebingen (190/2017B01 and
615/2015B02).

2.2. Blood samples

Blood samples (2.7 ml) were collected in EDTA
tubes, anonymized, processed within 24 h, and blinded
to the clinical data. After counting the cells via ADVIA
120 Hematology System (Siemens, Erlangen, Ger-
many), flow cytometry analysis of whole blood sam-
ples was performed.

2.3. Flow cytometry measurements

Samples were analyzed by flow cytometry using
a CantoII (BD Biosciences, Heidelberg, Germany).
Whole blood was added to the surface marker mix
(CD14 (PerCP), CD16 (allophycocyanin- APC) and
CD45 (APC-H7), BD Bioscience, Heidelberg, Ger-
many) in FACS tubes, mixed and incubated for 20 min.
IntraPrep (Beckman Coulter, Krefeld, Germany) was
used for intracellular staining as indicated in the man-
ufacturers protocol. After permeabilization, the two
intracellular antibodies TKTL1 (Phycoerythrin (PE)-
conjugated, provided by Zyagnum AG, Pfungstadt,
Germany) and Apo10 (Fluorescein isothiocyanate
(FITC), provided by Zyagnum AG, Pfungstadt, Ger-
many) were added. The entire tube was measured us-
ing CantoII (BD Biosciences, Heidelberg, Germany).
One thousand macrophages (CD14+/CD16+) from the
whole blood sample were selected and analyses were
performed using FACS Diva software v8.0 (BD Bio-
sciences, Heidelberg, Germany). All incubations in
this protocol are done at room temperature and in the
dark. The proportion of CD14+/CD16+ cells contain-
ing Apo10 and TKTL1 was multiplied by ten to create
the EDIM score. The EDIM-combined score was cal-
culated through addition of the two scores for TKTL1
and Apo10. The EDIM-TKTL1 results were consid-
ered positive if the score was > 119; the EDIM-Apo10
results were considered positive if the score was >
129. EDIM-TKTL1/Apo10 combined score (EDIM-
CS) was positive if the score was> 236 [22]. The com-
mercial name of the EDIM blood test is “PanTum de-
tect blood test” from the company Zyagnum AG with
the same cut-off values for TKTL1, Apo10 and the cut-
off value of the combined score are > 248 (EDIM-
CS). Patients were not enrolled in the study if they

received immunosuppressive treatment such as pred-
nisolone (i.e. because of rheumatoid arthritis) or TNF
alpha blocker (i.e. because of Crohn’s disease). Tumor
patients with infections were not analyzed in our study.

3. Statistics

The data is provided as mean ± SEM; n represents
the number of independent experiments. Data were
tested for significance using ANOVA (Dunnett test).
To calculate cut off values for EDIM Apo10, EDIM
TKTL1 and EDIM-CS among cancer patients (CCC,
CRC, and PC) and healthy individuals together with
patients with inflammation, a receiver operating char-
acteristics (ROC) analysis was performed and calcu-
lated with the Youden-Index. Only results with p <
0.05 were considered statistically significant. Data an-
alyzes was performed using GraphPad Prism 8.

4. Results

4.1. The EDIM blood test is highly sensitive in
detecting PC, CCC and CRC

The EDIM blood test and the measurement of CEA
and CA19-9 were conducted in patients with cholan-
giocellular, pancreatic, and colorectal carcinoma (Ta-
ble 1).

There were 9 of 10 patients (90%) with histopatho-
logically proven CCC who showed positive EDIM-
Apo10 scores and 8 of 10 (80%) patients showed pos-
itive EDIM-TKTL1 scores. The median of Apo10 and
TKTL1 scores were 147 (range 122–184) and 156
(109–178), respectively. The EDIM-TKTL1/Apo10
combined score (EDIM-CS) was positive in all patients
with CCC (Table 2).

Regarding the conventional tumor markers CEA and
CA19-9, 7 of 10 (70%) patients with CCC had posi-
tive results for CA19-9 and 2 of 9 (22.2%) patients had
positive results for CEA (in one patient CEA was not
measured) (Table 2).

Interestingly, 30 of 34 (88.2%) with histopathologi-
cally proven PC patients had a positive EDIM-Apo10
score and 34 of 34 (100%) had a positive EDIM-
TKTL1-score. The median Apo10 and TKTL1 score
was 141 (range 111–210) and 157 (122–199), respec-
tively. The EDIM-CS was positive in all (100%) pan-
creatic cancer patients.

In the case of the conventional tumor markers, 12 of
32 (37.5%) PC patients had positive results for CEA



132 S. Saman et al. / Biomarkers Apo10 and TKTL1: EDIM as possible new diagnostic approach for CCC, PC and CRC

Table 1
Characteristics of patients with pancreatic (A), colorectal (B) and, cholangiocellular (C) carcinoma

Table 1A
Characteristics of patients with cholangio-
cellular carcinoma

Characteristics Number of
patients
n = 10

Percentage

Gender
Male 4 (40%)
Female 6 (60%)

Age (years)
< 60 3 (30%)
> 60 7 (70%)

Site of metastasis
Liver 6 (60%)
Lung 2 (20%)
Peritoneum 1 (10%)
Karnofsky index (90%)

Table 1B
Characteristics of patients with pancreatic
cancer

Characteristics Number of
patients
n = 34

Percentage

Gender
Male 23 (67.6%)
Female 11 (32.4%)

Age (years)
< 60 6 (17.6%)
> 60 28 (82.3%)

Histological grading
G1 2 (8.7%)
G2 9 (39.1%)
G3 12 (52.2%)

Site of metastasis
Liver 19 (61.3%)
Lung 5 (16.1%)
Peritoneum 7 (22.6%)
Karnofsky index (86.4%)

Table 1C
Characteristics of patients with colorectal
cancer

Characteristics Number of
patients
n = 18

Percentage

Gender
Male 13 (72.2%)
Female 5 (27.8%)

Age (years)
< 60 7 (38.9%)
> 60 11 (61.1%)

Histological grading
G1 0 (0%)
G2 12 (66.7%)
G3 6 (33.3%)

Site of metastasis
Liver 13 (72.2%)
Lung 4 (22.2%)
Peritoneum 1 (5.6%)
Karnofsky index (90%)

Fig. 1. EDIM Scores of patients with cancer or inflammation and healthy individuals. The scatter plots show the Apo10 EDIM score (cut-off
score > 129) (A) the TKTL1 EDIM Score (cut-off score > 119) (B) and the combined EDIM Score (cut-off score > 236) (C) of the measured
patients like indicated. The dotted line indicates the cut off value for the scores. PC: pancreatic carcinoma; CRC: colorectal carcinoma; CCC:
cholangiocellular carcinoma; HI: Healthy individuals; INFL: Patients with inflammation (cholangitis, pancreatitis and colitis). **** p < 0.0001
indicates statistically significant difference to healthy individuals.

and 24 of 33 (72.7%) had positive results for CA19-9
(in two of the patients there was no CEA and for one
no CA19-9 determined).

Only blood samples from histopathologically con-
firmed CRC were enrolled in the study. Sixteen of
eighteen (88.9%) patients with CRC had a positive
EDIM-Apo10-score while 17 of 18 (94.4%) had a
positive EDIM-TKTL1-score. The median Apo10 and
TKTL1 scores was 148 (range 121–187) and 139
(115–178), respectively.

The EDIM-CS was positive in all (100%) colorectal
cancer patients. Nine of eighteen (50%) of these pa-
tients showed a positive result for CEA and 9 of 16
(56.3%) of the patients showed positive results for CA
19-9 (in 2 patients CA19-9 was not measured).

The receiver operating characteristic (ROC) analy-
sis (Fig. 2) was performed, including all 62 cancer pa-
tients (CCC, PC, and CRC) compared with healthy in-
dividuals and patients with inflammation (n = 42). The
analysis of the ROC curve showed that the best cut off
score for EDIM TKTL1 blood test is 119, resulting in
a sensitivity of 96.7% and a specificity of 93.8%. The
area under the curve (AUC) was 0.9723 (p < 0.0001).
For CCC, PC, and CRC patients, compared with the
healthy individuals and patients with inflammation, the
ROC curve analysis of EDIM Apo10 showed the opti-
mal cut off score with 129, resulting in a sensitivity of
91.8% and a specificity of 100%. The AUC of the ROC
curve was 0.9890 (p < 0.0001). EDIM-CS ROC curve
analysis showed a cut off score at 236, with a sensitiv-
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Table 2
Results of the EDIM blood test and tumor markers (CEA and CA19-9) in cholangiocellular carcinoma (n = 10), pancreatic carcinoma (n =
34), colorectal carcinoma (n = 18), healthy individuals (n = 16) and patients with inflammation (n = 13)

Patient
group

EDIM-Apo10 EDIM-TKTL1 EDIM-Apo10/TKTL1 CEA CA 19-9
Negative Positive Negative Positive Negative Positive Negative Positive Negative Positive

CCC 1 (10%) 9 (90%) 2 (20%) 8 (80%) 0 (0%) 10 (100%) 7 (77.8%) 2 (22.2%) 3 (30%) 7 (70%)
PC 4 (11.8%) 30 (88.2%) 0 (0%) 34 (100%) 0 (0%) 34 (100%) 20 (63%) 2.5 12 (37.5%) 9 (27.3%) 24 (72.7%)
CRC 2 (11.1%) 16 (88.9%) 1 (5.6%) 17 (94.4%) 0 (0%) 17 (100%) 9 (50%) 9 (50%) 7 (43.8%) 9 (56.3%)
HI 16 (100%) 0 (0%) 16 (100%) 0 (0%) 16 (100%) 0 (0%) – – – –
INFL 13 (100%) 0 (0%) 11 (85.6%) 2 (15.4%) 12 (92.3%) 1 (7.7%) – – – –

Abbreviations: CCC, cholangiocellular carcinoma; PAN, pancreas carcinoma; CRC, colorectal carinoma; HI, healthy individuals; INFL, inflam-
mation.

Fig. 2. Receiver Operating Characteristics (ROC) analysis of EDIM-Apo10, EDIM-TKTL1, and combined EDIM score in pancreatic carcinoma,
colorectal carcinoma, and cholangiocellular carcinoma (n = 62) compared with healthy individuals and patient with inflammation (n = 42). The
true positive rates (sensitivity) are plotted as a function of the false positive rate (1 – specificity) for measuring the cut off point; ROC analysis
for the diagnosis of pancreatic carcinoma, colorectal carcinoma, and cholangiocellular carcinoma (as GI tumors) shows calculated cut off values
with highest diagnostic accuracy of EDIM-Apo10 (cut-off score > 129; sensitivity 0.9180, 95% CI 0.8221–0.9645; specificity 1.000, 95% CI
0.8928–1.000), EDIM TKTL1 (cut-off score > 119; sensitivity 0.9672, 95% CI 0.8881–0.9942; specificity 0.9375, 95% CI 0.7985–0.9889), and
combined EDIM (cut-off score > 236; sensitivity 1.000, 95% CI 0.9408–1.000; specificity 0.9615, 95% CI 0.8111–0.9980). Dotted lines show
95% CI.

ity of 100% and a specificity of 96.2%. The AUC of
the ROC curve was 0.9934 (p < 0.0001). This demon-
strates a very high sensitivity and specificity for the de-
tection of patients with CCC, PC, and CRC.

4.2. The EDIM blood test is more sensitive for
detecting CCC, CRC, and PC than the
conventional tumor markers CEA and CA19-9

In the EDIM blood test, 59 of 62 (95.2%) tumor
patients had a positive TKTL1-score and 55 of 62
(88.7%) tumor patients had a positive Apo10-score.
The EDIM-CS revealed a positive result in all tumor
patients. In contrast, 23 of 59 (38.9%) patients showed
a positive result for CEA and 40 of 59 (67.8%) patients
had a positive CA 19-9 result (Table 2).

4.3. Healthy individuals and patients with
inflammation

All healthy individuals were EDIM-TKTL1 and

EDIM-Apo10 negative (100%). However, 2 of 13
(15.4%) patients with inflammation (pancreatitis)
showed a positive EDIM-TKTL1 score, whereas all of
these patients showed a negative EDIM-Apo10 score
(Table 2). The EDIM-CS was negative in 12 of 13
(92.3%) patients with inflammation. The median of
Apo10 and TKTL1 score was 114 (range 86–128) and
110 (84–139), respectively (Table 2).

4.4. Follow-up cares

After chemotherapy treatment, patients underwent
standard follow-up measurements according to recom-
mended guidelines. Post-chemotherapy surveillance
consisted of medical history, physical examination,
CT or PET-CT scans and laboratory studies including
CEA and CA 19-9 levels every three months. Further-
more, an EDIM blood test was performed every three
months.

By now, 10 patients (7 patients with PC, 2 patients
with CRC and 1 patient with CCC) have completed
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Table 3
EDIM blood test results of the follow-ups in pancreatic (PC; n = 7), colorectal (CRC; n = 2) and cholangiocellular carcinoma patients (CCC;
n = 1) correlated with magnetic resonance imaging (MRI), Positron-Emission-Tomography (PET-CT) and Computer Tomography (CT)

Pat.
ID

Before therapy 1. Follow-up 2. Follow-up 3. Follow-up Tumor
entity

Follow-up intervall and
correlation to imagingEDIM-

TKTL1
EDIM-
Apo10

EDIM-
CS

EDIM-
TKTL1

EDIM-
Apo10

EDIM-
CS

EDIM-
TKTL1

EDIM-
Apo10

EDIM-
CS

EDIM-
TKTL1

EDIM-
Apo10

EDIM-
CS

1 152 152 304 125 160 285 CCC Follow-up after 56 weeks:
Slight progress

2 153 119 272 152 125 277 PC Follow-up after 36 weeks:
Status idem

3 170 180 350 106 163 269 PC Follow-up after 16 weeks:
Mixed response

4 169 144 313 129 168 297 PC Follow-up after 16 weeks:
Response

5 132 171 303 156 128 284 PC Follow-up after 13 weeks:
slight response

6 138 165 303 121 161 282 PC Follow-up after 15 weeks:
Response

7 148 131 279 96 176 272 136 133 269 PC 1. Follow-up After
14 weeks: Slight response;
2. follow-up After
7 weeks: status Idem
compared to 8 weeks
before

8 156 210 366 135 171 306 123 160 283 164 180 344 PC 1. Follow-up: response of
the tumor; 2. follow-up:
Massive progress; 3.
Follow-up: progress

9 122 187 309 99 142 241 CRC Follow-up after 10 weeks:
good response of the
tumor

10 150 181 331 134 129 263 CRC Follow-up after 12 weeks:
good response to
chemotherapy

Abbreviations: MRI: magnetic resonance imaging; PET-CT: positron-emission-tomography; CT: computer tomography, PAN: Pancreatic carci-
noma, CRC: colorectal carcinoma; CCC: cholanngiocellular carcinoma.

a relevant follow up period and are presented below
(Table 3). One patient (No. 7) with pancreatic cancer
had two follow-up tests (after 3, and 5 month) and one
PC patient (No. 8) had three follow-up tests (after 3, 5
and 7 months).

The results of the CT (patients 1–9) or PET-CT
(patient number 10) scans show that all 10 patients
in the aftercare still suffer from pancreatic, colorec-
tal and cholangiocellular carcinoma (Table 3). This
is in line with the EDIM-TKTL1/Apo10 combined
score (EDIM-CS) in 10 of 10 patients. However, the
EDIM blood test was unable to show a clear associ-
ation between tumor response to chemotherapy treat-
ment and EDIM-CS values.; Interestingly, the CEA
values showed 7 times false negative values and CA
19-9 showed 5 times false negative values.

5. Discussion

Our study demonstrates the diagnostic efficacy of
the EDIM blood test in gastrointestinal tumors (pan-
creatic, colorectal and cholangiocellular carcinoma).

Prior studies showed promising results for the EDIM
blood test in patients with oral squamous cell can-
cer (OSCC), bladder, kidney, prostate, breast, ovarian,
and bronchial cancer [10,13,24–27]. To our knowledge
no other studies using the EDIM blood test in large
cohorts of gastro-intestinal cancer patients have been
published up to now.

Schwab et al. showed that high expression of
TKTL1-mRNA in patients with advanced rectal car-
cinoma treated with neoadjuvant chemotherapy pre-
dicted a poor survival prognosis [13]. Besides that,
Langbein et al. observed an overexpression of TKTL1-
mRNA and TKTL1-protein in different types of car-
cinoma cells [10]. In a case report on colon carci-
noma, the EDIM-Apo10 and EDIM-TKTL1 score was
used to monitor tumor recurrence. In this report, EDIM
blood test marker values were positive nine months be-
fore metastatic relapses were detected [28].

Increased TKTL1 scores are not only observed in
tumor patients but also in acute or chronic infectious
diseases, following tooth extraction, wound remodel-
ing processes, and after operations [29]. In our study,
11 of 13 (84.6%) patients with inflammation showed
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no significant increase of TKTL1 and 13 of 13 showed
no increase of Apo10 expression. However, the com-
bined EDIM-score of these patients was higher than
those of healthy individuals, suggesting that inflamma-
tion might influence results of the EDIM blood test
(Fig. 1). This observation should be taken into account
when interpreting EDIM blood test result, for example
with regard to the time point of analysis following a
surgical procedure or in patients with other inflamma-
tory conditions.

Conflicting statements about the role of TKTL1 ex-
ist with respect to clinical aggressiveness, hypoxia, and
metabolism in cancer cells including CRC and prostate
cancer [30]. One study reevaluated the expression of
TKTL1 in six different cancer cell lines (HeLa, MCF-
7, A549, HT-1080, M21 and TF-1) and doubted a
significant role of TKTL1 in tumor metabolism [30].
This conclusion has been disproved by several studies,
where TKTL1 has been identified as a candidate onco-
gene that is activated by epigenetic processes and plays
a key role in carcinogenesis [17,31,32].

Accordingly, we observed elevated TKTL1 and
Apo10 scores in about 95% and 89% of cancer pa-
tients, respectively indicating a high sensitivity of the
EDIM blood test.

It might be more rational to use the combined EDIM
blood test with the established tumor markers such as
CEA, CA19-9, NSE (neuron specific enolase), PSA
(prostate specific antigen) to optimize the detection of
neoplasia.

Comparing the results to the expression of the con-
ventional unspecific tumor markers CEA and CA 19-
9, which were also measured in our tumor patients, the
EDIM blood test was more sensitive in detecting the
primary tumor. Due to the limited numbers of sam-
ples/patients, a larger study population is needed. Only
40 of 59 (67.8%) tumor patients had a positive result
for CA 19-9 and only 34 of 59 (57.6%) patients showed
an increased CEA expression. Thus, the EDIM score
and especially the combined EDIM score seem to be
reliable new tools to identify patients with gastroin-
testinal tumors.

The results of CT or PET-CT scans showed, that all
10 patients in the aftercare were still suffering from
PC, CRC, and CCC. This was in line with the EDIM-
TKTL1/Apo10 combined score (EDIM-CS) in all pa-
tients. The EDIM blood test and the CEA and CA 19-
9 tumor markers were unable to show a clear associa-
tion between tumor response after chemotherapy treat-
ment and EDIM-CS values. An explanation could be
that the EDIM blood test is based on the fact that acti-

vated macrophages phagocytose tumor cells and store
tumor proteins intracellularly. The amount of tumor
mass does not mater, since the test shows only if there
is a tumor present. Another explanation might be that
the tumor growth leads to an increased fermentation
of glucose to lactate even in the presence of oxygen
(Warburg effect) [33], acidifying the environment and
preventing the macrophages to phagocytose the tumor
cells and internalize Apo10 and TKTL1 [22,34]. The
EDIM blood test might be a reliable test for detect-
ing neoplasia. This observation could be of importance
when thinking of a broader application, such as in pa-
tients’ screening, treatment monitoring, or relapse de-
tection. However, so far no conclusion in terms of tu-
mor response after chemotherapy can be made.

Having a universal tumor marker would be highly
desirable for the detection of malignant tumors and
their early surgical therapy. This would be beneficial
to the survival and curing of tumor patients concern-
ing neoadjuvant and adjuvant therapy, since early de-
tection and timely therapy are the most decisive factors
for a positive clinical outcome. We recognize that fur-
ther studies with a larger study population are needed.
Imaging technologies such as MRI or PET/CT exam-
inations are still important to obtain detailed informa-
tion about localization and distribution of malignancies
in the body.

In accordance with our results, it has been previ-
ously suggested that the test reliably detects tumors of
various origins so that it might be considered as a uni-
versal cancer test in the future. Further investigations
in this context must be done.
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