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Rising serum tumor markers may be associated with negative
imaging in the presence of cancer. CT and 18F-FDG PET may
yield incongruent results in the assessment of tumor recurrence.
The present study evaluates the incremental role of 18F-FDG
PET/CT for the diagnosis and management of cancer patients
with increasing levels of tumor markers as the sole indicator of
potential recurrence after initial successful treatment. Methods:
Thirty-six cancer patients with increasing levels of tumor mark-
ers during follow-up and negative CT underwent 18F-FDG PET/
CT, which showed 111 sites of increased tracer uptake. PET/CT
was compared with PET results on a site-based analysis for
characterization of 18F-FDG foci and on a patient-based analy-
sis for diagnosis of recurrence. The clinical impact of PET/CT on
further patient management was evaluated. Results: Thirty pa-
tients (83%) had recurrence in 85 malignant sites (77%). For the
site-based analysis, PET had a sensitivity, specificity, accuracy,
positive predictive value, and negative predictive value of 96%,
50%, 85%, 85%, and 82%, respectively, as compared with the
performance indices of PET/CT of 100%, 89%, 97%, 97%, and
100%, respectively. There was a statistically significant differ-
ence between the specificity (P � 0.05) and accuracy (P �
0.001) of PET and PET/CT for precise characterization of sus-
pected lesions. For the patient-based analysis, PET had a sen-
sitivity, specificity, and accuracy of 93%, 50%, and 86%, re-
spectively, as compared with PET/CT with values of 93%, 67%,
and 89%, respectively (P � not significant). PET/CT was the
single modality that directed further management and treatment
planning in 12 patients (33%). Conclusion: The results of this
study indicate that PET/CT may improve the accuracy of occult
cancer detection and further lead to management changes in
patients with increasing levels of tumor markers as the sole
suspicion of recurrent malignancy.
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Early detection of tumor recurrence is currently the main
clinical application of serum cancer markers (1) in an at-
tempt to diagnose a small tumor load with the potential
improved outcome of second-line treatment (2,3). Increas-
ing concentrations of tumor markers may be the earliest
indication of recurrent disease after treatment, the possibil-
ity of false-positive (FP) results notwithstanding. Further
evaluation of cancer patients showing increasing tumor
marker serum values during follow-up, however, may be
difficult, involving sophisticated technology and invasive
procedures, while, at the same time, raising the level of the
patients’ anxiety.

Diagnosis of recurrent cancer by CT is based on the
detection of a new abnormal mass or changes in the size of
a known lesion caused by renewed cancer growth (4,5).
Diagnosis of recurrent malignancy by PET using 18F-FDG
is based on increased utilization of glucose by malignant
cells. These 2 imaging modalities do not always yield con-
gruent findings. As previously demonstrated, cancer relapse
can be diagnosed by PET months and even years before it
becomes evident on conventional, anatomic imaging mo-
dalities (5–7). However, diagnosis of early recurrent cancer-
induced metabolic changes by PET is impaired by the lack
of precise anatomic landmarks and by the presence of
increased radiotracer uptake of physiologic or nonmalignant
etiology associated with benign and treatment-related con-
ditions and distorted anatomy after surgery (8,9).

PET/CT hybrid imaging, performed using a single device
in a single diagnostic session, combines noninvasive struc-
tural and metabolic tumor assessment and, therefore, pro-
vides precise anatomic localization of areas of increased
18F-FDG uptake (10–12).

The objectives of the present study were to assess
whether the fused metabolic and anatomic information pro-
vided by PET/CT has an incremental value in the diagnosis
and localization of recurrence and in the subsequent clinical
management of cancer patients with increasing concentra-
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tions of tumor serum markers and negative conventional
imaging performed earlier.

MATERIALS AND METHODS

Patient Population
Forty-one cancer patients referred for 18F-FDG PET/CT be-

tween October 2000 and December 2002 in search of occult
recurrent cancer were evaluated. The entry criteria for this pro-
spective study included (a) cancer patients during follow-up after
treatment for their known primary tumors; (b) normal-range base-
line serum tumor marker values after completion of treatment, with
subsequent increasing concentrations on serial examinations dur-
ing routine follow-up; and (c) negative high-resolution, contrast-
enhanced CT performed before the present 18F-FDG hybrid imag-
ing. The Institutional Review Board approved the study, and each
patient signed a written informed consent form.

Consecutive patients with matching inclusion criteria were in-
cluded and no power analysis was performed. Five patients were
excluded from further analysis because of lack of follow-up data
after their PET/CT study. The final study population, therefore,
included 36 patients: 19 women and 17 men with a mean age of
61 y (range, 32–84 y). The clinical characteristics of the study
population are presented in Table 1. The last CT study was
performed within a mean time of 52 d (range, 11–99 d) before the

PET/CT study, without intervening therapeutic interventions. Ad-
ditional investigations, such as physical examination, endoscopy,
ultrasound, and bone scintigraphy, were also negative. The final
diagnosis of the presence or absence of recurrent cancer was based
on histologic findings obtained during surgery or biopsy, subse-
quent imaging, and clinical follow-up. Patients were considered to
have no evidence of recurrent cancer if they showed a subsequent
decrease in tumor marker levels or had a negative clinical and
radiologic follow-up of at least 12 mo after their PET/CT exami-
nation.

Imaging Technique
The patients were studied by a dedicated PET/CT system (Dis-

covery LS; General Electric Medical Systems). Patients were
instructed to fast for 4–6 h before injection of 18F-FDG, except for
glucose-free oral hydration. Blood glucose was measured before
injection of the tracer to ensure levels of �11 mmol/L. The
injected dose of 18F-FDG was 370–444 MBq (10–12 mCi). After
injection, patients were kept lying comfortably. No urinary bladder
catheterization was performed and oral muscle relaxants were not
administered. PET/CT was started 60 min after 18F-FDG injection.
No oral and intravenous contrast material was administered for the
purpose of the CT.

The PET/CT system is composed of a dedicated PET scanner
with a full-ring bismuth germanate detector and a multislice CT
(11,12). The protocol of the present study included an initial CT
acquisition followed by the PET study. CT parameters used for
acquisition included 140 kV, 80 mA, 4-slices helical, 0.5 s per
rotation, and pitch of 6:1, with a slice thickness of 4.25 mm, equal
to that of the PET. CT images were reconstructed onto a 512 �
512 matrix. PET was acquired by sequential fields of view, each
covering 15 cm during an acquisition time of 5 min. PET acqui-
sition was performed in 2-dimensional mode using a matrix of
128 � 128. PET data were reconstructed using ordered-subsets
expectation maximization. Data obtained from the CT acquisition
were used for low-noise attenuation correction of PET emission
data and for fusion of attenuation-corrected PET images with the
corresponding CT images.

After completion of PET acquisition, the reconstructed x-ray
attenuation-corrected PET images, CT images, and fused images
were available for review in axial, coronal, and sagittal planes, and
in maximum-intensity-projection 3-dimensional cine mode, using
the manufacturer’s review station (eNTEGRA; General Electric
Medical Systems).

Study Interpretation
Two experienced nuclear medicine physicians who were aware

of each patient’s clinical history initially interpreted together the
stand-alone 18F-FDG PET images with the previously performed
high-resolution, contrast-enhanced CT studies available for side-
by-side visual comparison and with the knowledge that these
studies had been initially reported as negative for the presence of
cancer. The presence and localization of any area of increased
18F-FDG uptake was recorded, and each lesion was characterized
as benign, malignant, or equivocal. A focus of increased 18F-FDG
uptake was defined as benign when related to physiologic biodis-
tribution of 18F-FDG or to a known nonmalignant process. A focal
abnormal 18F-FDG activity, of higher intensity than that of sur-
rounding tissues—not related to the physiologic or benign 18F-
FDG uptake—was defined as malignant. Any area of increased
18F-FDG uptake that could not be clearly characterized was de-
fined as equivocal.

TABLE 1
Clinical Characteristics of 36 Cancer Patients with

Increasing Concentrations of Tumor Markers
and Negative CT

Characteristic Value

Sex (no. of patients)
Male 17
Female 19

Age (y)
Mean 61
Range 32–84

Histology of primary tumor (no. of patients)
Colorectal 21
Breast 7
Lung 4
Pancreas 1
Prostate 1
Ovary 1
Thyroid 1

Time from last treatment (mo)
Mean 27.6
Range 2–184

Rising levels of tumor markers (no. of patients)
CEA 25
CA 15-3 5
CA 19-9 4
CA-125 3
MCA 2
PSA 1
Thyroglobulin 1

CEA � carcinoembryonic antigen; CA � carbohydrate antigen;
MCA � mucin-like carcinoma-associated antigen; PSA � prostate-
specific antigen.
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Two experienced radiologists, who were aware of each patient’s
history and clinical data but unaware of current 18F-FDG PET
results, reviewed the previously performed diagnostic CT and the
CT component of the PET/CT study. The presence of lesions,
previously undiagnosed and only retrospectively detected on the
contrast-enhanced, high-resolution CT, or new abnormalities, seen
only on the CT component of the PET/CT study, were recorded.

A combined team, including 2 nuclear medicine physicians and
2 radiologists, interpreted the fused PET/CT images in subsequent
reading sessions with knowledge of the results of the PET and CT
studies. Fused PET/CT data were prospectively recorded using the
same criteria as for PET, including characterization and localiza-
tion of all suspected sites. Disagreements concerning final inter-
pretation were resolved by a majority opinion.

Data Analysis
PET evaluated with side-by-side comparison with previously

performed high-resolution, contrast-enhanced CT, and further
PET/CT studies, were analyzed and compared for each suspected
site and for each patient.

For the site-based analysis, a true-positive (TP) lesion was
defined as malignant or equivocal on PET or PET/CT with sub-
sequent confirmed tumor involvement. A FP site was defined as
malignant or equivocal on PET or PET/CT with no further evi-
dence of disease. A true-negative (TN) site was defined as benign
or physiologic on PET or PET/CT with no further evidence of
disease. A false-negative (FN) site was defined as benign or
physiologic on PET or PET/CT showing subsequent evidence of
malignancy. Differences in lesion definition between PET and
fused PET/CT images were documented for each suspected site.
The additional value of PET/CT was defined as new information
regarding the classification and localization of foci of 18F-FDG
uptake, provided by fused images and not previously available
from separate PET with side-by-side CT evaluation.

For the patient-based analysis, a patient was defined as TP on
the PET or PET/CT study when it showed at least one lesion with
further confirmed malignancy. A FP study showed at least one
lesion defined as malignant with no evidence of active cancer on
further evaluation. A TN study showed only sites defined as
benign, or no abnormal findings, and the patient had no further
evidence of active cancer. A negative study in a patient who had
further evidence of active disease was defined as FN. Studies with
no abnormal 18F-FDG foci detected on PET (and therefore on
PET/CT as well) were included, as TN or FN, only in the patient-
based analysis. Differences in patient categorization between PET
and fused PET/CT data for diagnosis of recurrence were docu-
mented. The additional value of PET/CT was defined as new
information regarding the diagnosis of recurrence, provided by
fused images and not previously available from separate PET with
side-by-side CT evaluation.

The impact of fused PET/CT images on the management of
patients was evaluated, based on information regarding further
clinical decisions obtained from patient files and interviews of the
treating physicians or patients. Referral of patients for previously
unplanned therapeutic modalities based on PET/CT results was
recorded.

The sensitivity, specificity, and accuracy were calculated for
both the site-based and the patient-based analysis. In addition, the
positive predictive value (PPV) and negative predictive value
(NPV) were calculated for the site-based analysis. The differences
in site- and patient-based analysis of performance indices between

PET and PET/CT were compared using the McNemar test for
paired proportions. The differences in treatment decisions
prompted by PET and those induced by PET/CT were assessed by
�2 analysis of contingency tables. A P value � 0.05 was consid-
ered as statistically significant.

RESULTS

Of the 36 cancer patients with an increased concentration
of tumor serum markers and negative CT who were evalu-
ated, 30 patients (83%) had evidence of malignancy at
surgery or biopsy (n � 14) or subsequent imaging (n � 16).
Six patients (17%) showed no further evidence of disease
during a follow-up period ranging between 13 and 21 mo. A
total of 111 sites of increased 18F-FDG uptake were evalu-
ated in these 36 patients. Malignancy was diagnosed in 85
of the 111 lesions (77%).

Site-Based Performance of PET and PET/CT for
Diagnosis of Recurrence

PET interpreted with side-by-side evaluation of CT de-
fined 94 of the 111 sites of increased 18F-FDG uptake as
malignant or equivocal (18 equivocal) and 17 as benign. On
the basis of PET, there were 80 TP sites, 14 TN, 14 FP, and
3 FN sites, for a sensitivity, specificity, and accuracy of
96%, 50%, and 85%, respectively, and a PPV and NPV of
85% and 82%, respectively. PET/CT analysis defined 86
sites as malignant and 25 as benign. On the basis of PET/
CT, there were 83 TP sites, 25 TN, 3 FP, and no FN lesions,
for a sensitivity, specificity, and accuracy of 100%, 89%,
and 97%, respectively, and a PPV and NPV of 97% and
100%. PET/CT yielded a statistically significant increase in
specificity (P � 0.005) and accuracy (P � 0.001) as com-
pared with PET.

PET/CT changed the classification of 11 sites considered
as malignant on PET from FP to TN, including 18F-FDG
uptake in vascular calcifications, in inflammatory changes
due to the presence of a stent or surgical scar, and physio-
logic tracer activity in the gastrointestinal tract. PET/CT
changed the definition of 3 areas of increased 18F-FDG
uptake from FN to TP. These sites, considered as represent-
ing physiologic bowel uptake by PET, were precisely char-
acterized as liver metastasis, mesenteric lymph node in-
volvement, and a local colon recurrence.

Three 18F-FDG–avid lesions were FP on both PET and
PET/CT. Two of these sites were histologically assessed,
including 1 site of benign neurofibromatosis in the thigh and
1 retrocaval anthracotic lymph node. The third site was a
single 18F-FDG–avid cervical lymph node in a patient with
lung cancer who showed no evidence of malignancy for a
follow-up of 21 mo, with a further decreased level of serum
tumor markers, and was therefore considered to represent
only nonspecific inflammatory changes.

Thirty-two of the 85 malignant lesions (38%) were ret-
rospectively identified on the previously performed diag-
nostic CT. This included 16 lymph node metastases, 8 liver
metastases, and 1 soft-tissue mass in the chest wall, with
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diameters ranging between 8 and 20 mm, and 7 bone
metastases. New structural abnormalities were observed on
the CT component of the hybrid imaging study in 30 sites
(35%).

The site-based comparative performance of PET and
PET/CT is summarized in Table 2.

Patient-Based Performance of PET and PET/CT for
Diagnosis of Recurrence

PET interpreted with side-by-side evaluation of CT de-
fined 28 of the 36 studies as TP, 3 TN, 3 FP, and 2 FN, for
a sensitivity of 93%, a specificity of 50%, and an accuracy
of 86%. On the basis of PET/CT analysis, there were 28 TP,
4 TN, 2 FP, and 2 FN studies, for a sensitivity of 93%, a
specificity of 67%, and an accuracy of 89%. There was no
statistically significant difference between the performance
indices of PET and PET/CT for the patient-based analysis.

Tumor marker serum levels decreased during follow-up
in 4 of the 6 patients with no further evidence of disease.
None of the 6 patients showed any suggestive lesions on
imaging studies performed during the follow-up period.

PET/CT changed the classification of 1 site considered as
malignant on PET from FP to TN. This patient had a single
abdominal focus of increased 18F-FDG uptake considered as

suspicious by PET and precisely defined by PET/CT as
physiologic bowel activity. The patient showed no evidence
of disease for a follow-up of 15 mo (Fig. 1).

The 2 patients defined as FP on both PET and PET/CT
included 1 patient with anthracosis in an enlarged retrocaval
lymph node and a second patient with nonspecific inflam-
matory changes in a cervical lymph node. The 2 patients
defined as FN by both PET and PET/CT included a local
recurrence of prostate cancer diagnosed 6 wk later and 1
patient with breast cancer showing a 7-mm malignant lesion
in the second breast 2 mo later.

The patient-based comparative performance of PET and
PET/CT is summarized in Table 3.

Clinical Impact of PET/CT on Patient Management
Of the 28 patients with TP PET/CT studies, 9 patients

underwent surgery with curative intent, 15 patients were
referred for chemotherapy, 3 patients received radiotherapy,
and 1 patient was referred for radioiodine treatment. In 12 of
the 28 patients (43%). treatment could be planned based
only on the incremental diagnostic localization data pro-
vided by PET/CT.

Surgery with curative intent was performed in 9 patients
with solitary malignant lesions. Eight of these 9 patients
were referred for surgery based on the PET/CT diagnosis
and precise localization of single tumor foci, including 3
lymph node metastases, 3 local recurrences of colon cancer
(Fig. 2), 1 liver metastasis, and 1 second primary gastric
cancer. Additional investigations guided by PET/CT find-
ings (colonoscopy or gastroscopy) were performed in 2 of
these 8 patients before the tumor resection.

Previously unplanned chemotherapy was administered to
15 patients with disseminated metastatic disease. Two of the
15 patients received chemotherapy after the PET/CT diag-
nosis of unresectable, extensive disease.

Radiation treatment was administered to 4 patients. One
patient with a single bone metastasis received local-field
radiotherapy, and 131I treatment was administered to a sec-
ond patient with metastatic thyroid cancer. PET/CT findings
induced changes in the localization and size of radiation
fields in 2 patients, including 1 patient with a single bone
metastasis and a second patient with a single soft-tissue
metastasis, precisely localized by PET/CT. There was a

TABLE 2
Comparative Analysis of PET and PET/CT Site-Based
Performance in 111 Suggestive Lesions in 36 Patients

with Suspected Occult Cancer Recurrence Due
to Rising Levels of Tumor Markers

Performance PET PET/CT

TP (n) 80 83
TN (n) 14 25
FP (n) 14 3
FN (n) 3 —
Sensitivity (%) 96 100
Specificity* (%) 50 89
Accuracy* (%) 85 97
PPV (%) 85 97
NPV (%) 82 100

*P statistically significant for specificity (P � 0.05) and accuracy
(P � 0.001).

FIGURE 1. An 81-y-old man with cancer
of sigmoid colon, after surgery, increasing
carcinoembryonic antigen (CEA) serum
levels, and a repeated negative CT study.
(A) PET shows focal area of increased 18F-
FDG uptake in right upper abdomen. (B) Hybrid PET/CT images precisely localized this uptake to colon, consistent with physiologic
bowel excretion. Malignancy was excluded and study was reported as normal. Patient had no evidence of recurrence in colon
during 15 mo of clinical follow-up.
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statistically significant difference (P � 0.01) between the
number of patients referred to a different treatment modality
based on PET and PET/CT (Table 4).

PET/CT changed the clinical management of 9 of the 21
patients with colon cancer (54%), 2 of the 4 patients with
lung cancer (50%), and 1 of the 7 patients with breast cancer
(14%).

DISCUSSION

Early detection of tumor recurrence leading to subsequent
resection of single malignant foci or to institution of sys-
temic treatment may improve the prognosis of cancer pa-
tients (2). Although increasing tumor marker concentrations
can precede detection of overt cancer up to 2 y (12–14),
serial serum marker level monitoring has not led to a sub-
stantial improvement in survival of patients with tumors
such as recurrent colorectal cancer (7).

CT is the primary tool of investigation for suspected
recurrence due to its widespread availability and relatively
low cost. However, the CT size-based criteria for malig-
nancy may be inaccurate estimates of tumor involvement
(5,15,16). Up to 50% of patients considered suitable candi-
dates for curative surgery by CT are found to have unre-
sectable, disseminated disease during surgery (4,16). CT is
also challenging for differentiating a recurrent tumor from
treatment-induced morphologic changes (17,18).

Exploratory laparotomy has a high detection rate for
abdominal recurrences (4,19). However, detection of un-
foreseen neoplastic spread during surgery results in a high
percentage of nonresectable tumors. In addition, about 5%–
11% of explorations are negative for the presence of active
cancer, in spite of elevated levels of serum markers (20).

The alternative strategy of relying only on the clinical
observation of patients with increasing concentrations of
tumor markers may miss the opportunity to resect limited
disease (15). Surgeons, therefore, have emphasized the
need for better preoperative identification of this sub-
group of patients, who will derive the highest benefit
from surgery (21).

18F-FDG PET is a whole-body screening technique that
may detect metabolic abnormalities preceding structural
changes (11,22,23). PET detected occult recurrent colorec-
tal cancer in up to 67% of patients with elevated carcino-
embryonic antigen levels and had a good per-patient per-
formance for diagnosis of recurrent tumors (23–25). This
was also confirmed by the high TP rate in the present, more
heterogeneous patient population. However, lesion-based
performance of PET is less encouraging (26). Sites of re-
current tumor, such as pelvic metastases and diffuse peri-
toneal involvement, may be missed or falsely reported as
physiologic or equivocal FDG uptake (5,24,25). PET, there-
fore, offers only a partial solution for the diagnostic and
therapeutic dilemma of elevated levels of tumor markers
and may induce the need for additional confirmatory diag-
nostic procedures.

PET/CT has been advocated as the tool of the future for
the diagnosis of recurrent cancer (19,23,26). Hybrid imag-
ing can precisely localize and improve the characterization
of foci of increased 18F-FDG uptake. In the present study
population, the availability of simultaneous anatomic CT
mapping by PET/CT precisely defined 18 equivocal sites
(16%) of increased 18F-FDG uptake as malignant or benign
(Figs. 1 and 2). The anatomic location provided by fused
images guided subsequent tissue diagnosis and therapeutic
procedures in the setting of a small recurrent tumor load
(Fig. 2). Although PET alone allowed for the correct diag-
nosis of recurrence in the majority of patients (83%), the
statistically significant improved performance of hybrid im-

TABLE 3
Comparative Analysis of PET and PET/CT Patient-Based

Performance in 36 Patients with Suspected Occult Cancer
Recurrence Due to Rising Levels of Tumor Markers

Performance PET PET/CT

TP (n) 28 28
TN (n) 3 4
FP (n) 3 2
FN (n) 2 2
Sensitivity* (%) 93 93
Specificity* (%) 50 67
Accuracy* (%) 86 89

*P not statistically significant.

FIGURE 2. A 52-y-old man with colon
cancer, after surgery, increasing carcino-
embryonic antigen (CEA) serum levels, and
a repeated negative CT study. (A) PET
shows focal area of abnormal 18F-FDG up-
take in left upper abdomen, suggestive of
recurrence. (B) Hybrid PET/CT images pre-
cisely localized this uptake anterior to tail

of pancreas, medial to spleen. Retrospective evaluation of CT performed 2 mo earlier and examination of CT study performed
simultaneously with PET did not reveal any abnormalities. Surgeons used location provided by PET/CT for reexploration of
abdomen and recurrent tumor in colon was found.
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aging for evaluating individual lesions indicates that
PET/CT has an impact on the subsequent management of
cancer patients, beyond the diagnosis of recurrence. The
precise PET/CT localization and definition of suspicious
18F-FDG foci led to a better assessment of the extent of
recurrent disease, with subsequent treatment planned on the
basis of the unique information provided by hybrid imaging
in one third of the total study population.

The clinical contribution of PET/CT is indicated mainly
by the number of patients referred for resection with cura-
tive intent. Surgery was performed in 8 patients following
PET/CT results, in addition to 1 patient who may have been
referred to surgery based only on PET results. Six of these
8 patients were referred for surgery based solely on the
results of hybrid imaging, sparing further unnecessary di-
agnostic procedures.

When PET, a highly sensitive test, indicates the presence
of widespread disease, the precise localization of each ma-
lignant site is, as a rule, less clinically relevant. Of the
present study population, 13 patients were referred for che-
motherapy based on PET alone. Administration of chemo-
therapy to 2 additional patients was enabled by PET/CT-
based precise definition of equivocal foci of 18F-FDG
uptake as additional malignant lesions and diagnosis of
multifocal recurrence.

In the present study radiation therapy planning was mod-
ified in 2 patients after the use of PET/CT. The potentially
important role of hybrid imaging in this clinical setting
cannot be fully appreciated from this small patient sample.

In some of the evaluated patients, the relatively long time
interval between the previous CT reported as negative and
the current PET/CT study as well as the patient sample with
different primary malignancies and a preponderance toward
colorectal tumors are limitations of the present study. In-
cluding tumors with low metabolic rates, such as prostate
cancer, may also induce biases in the study results. The
benefit of improved selection criteria and the potential value
of a positive PET study at baseline need to be assessed.
Further studies with long-term follow-up in large homoge-
neous patient cohorts with single histologic tumor types

need to follow. These studies will have to clarify whether
PET/CT should be used, in the future, as the first step in the
evaluation of patients with suspected occult recurrent cancer.

CONCLUSION

The results of present study indicate that hybrid PET/CT
plays a potential important role in the early diagnosis and
assessment of the extent of relapsed disease in cancer pa-
tients with increasing concentrations of serum tumor mark-
ers as the single suspicion of recurrence, with a significant
clinical impact on further treatment planning in one third of
the patient population.
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