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         Introduction    

 In this chapter we will consider circulating protein markers 
for esophageal (EC), gastric (GC), and colorectal (CRC) 
cancers. Speci fi c nucleic acids and circulating tumor cells 
have shown considerable potential as markers for gastroin-
testinal (GI) tumors and are covered in other chapters. We 
will focus  fi rst into the well-established, commonly available 
markers, namely the glycoprotein carcinoembryonic antigen 
(CEA) and the sialylated glycoprotein CA 19-9, and then we 
will review emerging markers for each GI tumor, discussing 
potential practical approaches for developing clinically use-
ful applications. 

 In current clinical practice, serum markers are used mainly 
for staging and post-therapy surveillance of gastrointestinal 
tumors. The only recommendation for clinical use of these 
markers, in guidelines published by several expert group 
organizations, is that CEA measurements should be used for 
staging, therapy monitoring, and recurrence prediction in 
patients with colorectal cancer (see Table  15.1 ). No speci fi c 
markers are currently recommended for routine use in gastric 
or esophageal cancer. Despite this paucity of widely accepted 
biochemical markers for GI tumors, there is a great need for 
reliable, sensitive, and speci fi c markers for the following 
clinical applications: 
    1.     Screening  for early stage cancers in the general popula-

tion: the main obstacle to generalized screening tests is 
that all of the commercially available markers and many 
of the markers in development tend to be negative in the 
great majority of early stage, localized cancers, and 
attain acceptable sensitivity only in advanced, wide-
spread tumors. Additionally, speci fi city needs to be very 
high to screen a general population; otherwise, given 

the low prevalence of tumors in the population, most 
positive results will be false positive. Given their low 
sensibility at early stages and less than desirable 
speci fi city, none of these markers is recommended for 
screening in populations with low pretest probabilities 
of the cancer.  

    2.     Diagnosis  of cancer when symptoms or other signs 
increase the pretest probability of cancer and in patients at 
high risk for cancer development: given the same lack of 
sensitivity at early stages mentioned above, these markers 
should not be used to rule out tumors; however, in con-
junction with other diagnostic modalities, certain positive 
tumor marker measurements may help to point the diag-
nostician in the right direction.  

    3.     Tumor sizing and staging : for many of the tumor markers, 
there is a good correlation with tumor size, especially for 
those markers that are released from the tumor (in con-
trast with “host response” markers), and this is one reason 
why these markers attain higher levels in more advanced 
stages. However, currently, there is no generally accepted 
staging protocol involving GI tumor markers.  

    4.     Prognosis evaluation : while there is a good correlation 
with survival for some of the markers, there is no widely 
accepted prognostic evaluation algorithm incorporating 
any of the GI tumor markers because of poor accuracy of 
the prediction or lack of suf fi cient data.  

    5.     Predict response to therapy : as rational therapies target-
ing pathogenic mechanism are developed, markers will be 
needed to predict response to these often highly expensive 
treatments. An example is the measurement of her2/neu 
ampli fi cation for predicting response to  Herceptin  in 
breast cancer. The plasma protein markers currently avail-
able cannot be used effectively to predict response to 
therapy in GI tumors.  

    6.     Monitor effectiveness of therapy : This is an accepted use 
of GI tumor markers such as CEA and CA19-9, as patients 
with elevations of these markers produced by the tumor 
will show a signi fi cant decrease in levels (typically greater 
than 50%) with effective therapy. Complete remission 
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cannot be established by tumor marker measurements, but 
persistent elevation should be considered as evidence of 
tumor persistence, provided that alternative explanations 
for the marker elevation can be excluded.  

    7.     Screen for cancer recurrence : This is also a widely 
accepted use of current GI tumor markers, as tumors that 
expressed the biomarkers before therapy most often re-
express them upon relapse. The Working Group on Tumor 
Marker Criteria suggests that an increase of at least 25% 
or a linear increase in a marker’s level in three consecu-
tive samples is consistent with progressive disease and 
tumor recurrence. 1  However, due to signi fi cant false-pos-
itive and false-negative tumor marker results, comple-
mentary recurrence screening methods, including various 
imaging modalities, should be used.      

   Carcinoembryonic Antigen (CEA) 

 The carcinoembryonic antigen was  fi rst described by Gold 
and Freedman after immunizing rabbits with an extract from 
a colon cancer patient. 2  Since then, it has become the most 
widely used marker for CRC, and the only serum protein 
marker incorporated in current recommendations for diagno-
sis, treatment and follow-up of GI cancers. 

   Biochemistry 

 The carcinoembryonic antigen, also named CEACAM5, 
gp180 or CD66e is a member of the CEA family of genes. 
The CEA family is part of the immunoglobulin superfam-
ily, and consists of the CEA subgroup and the pregnancy-
speci fi c glycoprotein (PSG) subgroup. The CEA family in 
humans comprises 23 genes located within a 1.2 Mb clus-
ter on the long arm of chromosome 19, of which 18 are 
expressed and 11 are pseudogenes. 3  ,  4  The CEA subgroup 
in humans (Table  15.2  and Fig.  15.1 ) comprises 6 trans-
membrane proteins, 4 membrane glycosylphosphatidyl 
inositol (GPI) -anchored glycoproteins (CEACAM5-
CEACAM8), and 2 secreted proteins (CEACAM16 and 
18), while the PSG group consists of 10 soluble members 
(PSG1–PSG10), secreted from trophoblast cells. GPI-
anchoring results from a hydrophobic signal peptide cod-
ing for attachment of the phosphatidyl-glycol moiety that 
allows insertion of the protein into the membrane and more 
 fl uid movement to areas of interest, as demonstrated by the 
apical location of CEA. GPI moieties are typically linked 
to sugar moieties on the protein, most commonly through 
an alpha-6 linkage between the inositol of GPI and a glu-
cosamine residue. The GPI tail can be cleaved with GPI 
phospholipase D expressed in colon cancer cells, resulting 

   Table 15.2    CEACAM genes expressed in humans   

 Gene  Synonyms  Expression  PM 

 CEACAM1  Biliary glycoprotein, BGP1, CD66a  Ubiquitous, especially GI epithelia  TM 
 CEACAM3  CGM1, W264; W282; CD66d;  Granulocytes  TM 
 CEACAM4  NCA; CGM7  Granulocytes  TM 
 CEACAM5  CEA, CD66e, DKFZp781M2392  Epithelia  GPI 
 CEACAM6  NCA; CEAL; CD66c; CEACAM6  Epithelia, lung, spleen, granulocytes  GPI 
 CEACAM7  CGM2  Epithelia  GPI 
 CEACAM8  CD67; CGM6; CD66b; NCA-95  Granulocytes  GPI 
 CEACAM16  CEAL2  Cerebellum (mouse)  Sec 
 CEACAM18  Widespread  Sec 
 CEACAM19  CEAL1; MGC105097  Squamous epithelia (mouse)  TM 
 CEACAM20  UNQ9366  Intestine, thymus (mouse)  TM 
 CEACAM21  FLJ13540; R29124_1; MGC119874  Hypothalamus  TM 

   PM  plasma membrane insertion mode,  TM  transmembrane,  GPI  glycophosphatidylinositol linked,  Sec  secreted  

  Fig. 15.1    Structure of 
CEACAM proteins expressed in 
humans. Each ellipse represents a 
Ig-like extracellular domain, dark 
IgV-like, light IgC-like (adapted 
from ref. 240  )        
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in solubilization of CEA. 5  There is some experimental 
evidence that CEA released from tumor cells may have a 
role in metastatic spreading to the liver. 6  Interestingly, the 
GPI-anchored CEACAM proteins tend to be upregulated 
in tumors, while the transmembrane CEACAMs are typi-
cally downregulated.   

 The CEA protein consists of 641 aminoacid residues and 
45–55% carbohydrate, resulting in heterogeneous molecules 
with molecular masses ranging from 150 to 300 kDa, and is 
encoded by mRNAs 2.6 kb transcribed from  fi ve to six exons 
with alternative splicing and polyadenylation sites. Meconium 
CEA (NCA-2) differs from colon CEA in reactivity with 
various monoclonal antibodies, probably re fl ecting different 
post-translational modi fi cations. 7   

   Expression and Regulation 

 CEA is widely expressed in fetal GI tract and other tis-
sues, including meninges, cartilage and bone, blood ves-
sel walls, placenta, dermis, muscle layers of the stomach 
and intestine and bronchioles. 8  In the adult, CEA is shut-
down in most cells, although expression is maintained at 
low levels in some adult tissues such as colon mucosa, 9  
squamous esophageal mucosa, 10  squamous uterine cervi-
cal mucosa, 11  rare thymic epithelial cells in Hassall’s cor-
puscles, 12  tracheal, bronchial, and bronchiolar epithelium 
and alveolar type I pneumocytes, 13  and sweat and seba-
ceous glands. 14  

 High-level reexpression of CEA in epithelial carcinomas 
provides a mechanism for selective identi fi cation and tar-
geting of these cancer cells. This tight regulation can be 
reproduced with a fragment containing the CEA basic pro-
moter (−266 to +102 bp around the transcription start site), 
and robust expression with preserved tissue speci fi city can 
be achieved by adding the CEA enhancer located −6.1 to 
−4.0 kb upstream of the start site. 15  Speci fi c targeting of a 
suicide gene to xenographed colon cancer was achieved 
using calcium phosphate nanoparticle mediated delivery of 
fusion construct containing the CEA promoter and the 
cytosine deaminase enzyme cDNA, therefore rendering the 
cells more susceptible to 5- fl uorocytosine. 16  The promoter 
apparently works even in tumors without detectable 
CEA. 17  

 CEA expression is stimulated by transforming growth 
factor beta (TGF b ), possibly as a regulator of cell adhe-
sion and differentiation during embryonic development, 
and its expression in embryonic development mimics that 
of TGF b . 8  ,1  5  The effects of TGF b  signaling on CEA 
expression appear to be mediated by  Smad  transcription 
factors, as suggested by low CEA expression in TGF b -
unresponsive gastric cancer cells and in  Smad3  knockout 
mice. 18   

   Functional Aspects of CEA 

   Adhesion 
 Extracellular domains are involved in homotypic and 
heterotypic interactions between CEACAM family mem-
bers, and in general these interactions play an important role 
in binding targets, including adhesion to other mammalian 
cells and bacteria. For example, CEA cooperates with CD44 
variants to bind to E- and L-selectin ligands on endothelial 
cells and resisthigh shear stress, which may be important for 
the metastatic ability of colon cancer cells. 19  Binding of bac-
teria to the apical surface of enterocytes expressing CEACAM 
molecules, followed by shedding of microvesicles or cleav-
age of GPI linkages provides a mechanism for regulating the 
amount of bacteria attached to the mucosa. 20   

   Cell Differentiation 
 Expression of CEA (and the related CEACAM6 GPI-linked 
molecule) generally inhibits differentiation in a variety of 
cell types, including myoblasts 21  and pre-adipocytes, 22  and 
overexpression of CEACAM5 or CEACAM6 in colonic epi-
thelial cells results in loss of cell polarity and tissue architec-
ture in culture and in a nude mouse model of colonic 
differentiation. 23  These anti-differentiation effects appear to 
have been selected most likely for embryologic purposes 
during evolution of the ancestral transmembrane-anchored 
CEACAM1, which does not have these effects, to the GPI-
linked CEACAM5 and CEACAM6. 22   

   Immunomodulation 
 CEA is expressed at low levels in the apical surface of adult 
colonic enterocytes and goblet cells, 4  ,  24  where it may bind 
bacteria, regulating bacterial colonization and promoting the 
immune response. 20  ,  25  Expression at the basolateral surface is 
found mostly in embryonic and tumor cells and may impart 
an immunosuppressive function by binding CD8, in conjunc-
tion with CD1d, and activating suppressor T-cells. 26  Since 
tumor cells frequently have loss of polarity and express CEA 
in the entire cell surface, 24  CEA may play a similar immuno-
suppressive function in colon cancer cells. Additionally, 
CEA was shown to decrease killing of colon cancer cells by 
natural killer (NK) 27  and lymphocyte-activated killer (LAK) 
cells. 28  It has been speculated that immunoinhibitory 
CEACAM molecules appeared during mammalian evolution 
to play a role in fetal tolerance in species with invasive tro-
phoblastic growth. 29   

   Metastasis and Tumor Survival 
 Injection of nude mice with CEA enhances growth of colon 
CA tumors. 30  ,3  1  Expression of the human chromosomal 
region containing CEA and CEACAM6 in transgenic mice 
induced enlarged colons with severe hyperplasia, dysplasia, 
and serrated adenomas. 32  Overexpression of CEA and 
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CEACAM6 in colonic cells lines disrupted their ability to 
form glandular structures and increased their tumorigenicity 
in nude mice. 23  Interestingly, in contrast with the GPI-
anchored CEA and CEACAM6 molecules, CEACAM1 
appears to have antitumor 33  and pro-apoptotic 34  effects and 
shows decreased expression in about a quarter of human 
colon cancers. 35  

 In addition to the above-mentioned role of CEACAM 
molecules in adhesion and immune modulation, mechanisms 
of enhanced tumorigenesis potentially include:
    1.    Induction of interleukin-10 and resulting inhibition of the 

up-regulation of the inducible nitrogen oxide synthase 
(iNOS) in Kupfer cells. 36  Up-regulation of iNOS results 
in ischemic injury to the circulating tumor cells as they 
enter the liver microvasculature and CEA may prevent 
this effect.  

    2.    Interaction of CEA with Kupfer cells also leads to release 
of cytokines such as IL-1 b , IL-6, and TNF a , which 
increase expression of adhesion molecules (primarily 
ICAM-1) by sinusoidal endothelial cells, resulting in 
increased attachment of tumor cells. 37  ,  38   

    3.    Inhibition of colon CA anoikis, a form of apoptosis 
induced by cellular detachment from the extracellular 
matrix, by binding to and blocking the pro-apoptotic 
effect of TRAIL-R2 (DR5) receptor. 39  The importance of 
this mechanism is highlighted by the failure of a CEA 
construct lacking the TRAIL-R2 binding domain to 
enhance experimental liver metastasis of colon cancer 
cells.  

    4.    CEA and CEACAM6 modulate clustering of integrin 
alpha-5/beta-1 resulting in increased binding to  fi bronectin, 
enhanced cellular adhesion to the extracellular matrix 
with a  fi bronectin “cocoon” around the cells, and resis-
tance to anoikis. Interaction of CEA with the integrins 
initiated signal transduction through integrin linked 
kinase, protein kinase B (PKB/Akt), and the mitogen-
activated protein kinase cascade and appears to lead to 
inactivation of the intrinsic apoptosis pathway. 40  -4  2      

    5.    Colon cancer apoptosis under different conditions 
(con fl uence, treatment with 5- fl uorouracil, UV light or 
IFN g , and in vivo) was signi fi cantly increased by selec-
tive inactivation of CEA expression with a ribozyme. 43  ,  44        

   CEA as Target 

   Imaging 
 Given its association with CRC, in particular more 
advanced and metastatic tumors, it makes sense to use 
CEA as targeting marker for localizing tumors by imaging. 
For example, positron emission tomography (PET) and 
single-photon emission computed tomography (SPECT) 
with pre-targeted anti-CEA antibodies identi fi ed human 

colon tumors in mice lungs, while  18 F- fl udeoxyglucose 
labeling failed. 45  Pre-targeting with antibody, followed by 
addition of the radioisotope improves imaging in humans. 46  
Imaging with  fl uorescent-labeled antibodies against CEA 
was used to visualize CEA-expressing xenographed tumors 
in mice 47  and may soon be used to help surgeons distin-
guish residual tumor tissue during colon cancer resections. 
CEA-Scan (a  99m Tc-labeled anti-CEA F 

ab’
  fragment) has 

been approved by the United States Food and Drug 
Administration (FDA) for cancer imaging and should 
facilitate further studies of CEA as an imaging tumor 
marker. 48   

   Circulating Tumor Cell Capture 
 Beads coupled to anti-CEA antibodies can be used to capture 
circulating tumor cells (CTC) expressing CEA, allowing 
quanti fi cation of CTC levels as well as subsequent molecular 
analysis on the puri fi ed cells. 49  ,  50  Currently, most capture 
methods, including the FDA-approved CellSearch® test 
from Veridex, LLC (Raritan, NJ), use pan-epithelial-speci fi c 
markers, such as cytokeratins and Er-B4, but CEA and other 
tumor markers have the potential to increase the speci fi city 
of the assay.  

   CEA as Target for Therapy 
 Given its role in tumor progression and survival, it is encour-
aging that ribozyme mediated inactivation of endogenous 
CEA expression in HT29 human CRC cells was followed by 
apoptosis and inhibition of metastatic growth in nude 
mice. 43  ,4  4  In addition to its speci fi c inhibition to counter tumor 
promoting activities, CEA has been used as a homing target 
for more aggressive, nonspeci fi c experimental therapies. 
Promising results have been seen with CEA-targeted radia-
tion therapy in mice 51  ,  52  and in humans, 53  immunotherapy 
with CEA-DNA vaccines, 54  CEA-stimulated dendritic cells 55  
or T-cells, 56  ,  57  and gene therapy using viral vectors express-
ing CEA binding domains. 58  However, these therapies need 
to carefully modulate the balance between anti-cancer effec-
tiveness and toxicity due to CEA expression in normal 
tissues. 59  

 Further re fi nements of ribozyme technology allow a 
combination of both approaches by simultaneous inactiva-
tion of CEA and expression by trans-splicing of the “sui-
cidal gene” thymidine kinase, thereby conferring increased 
susceptibility of CEA-expressing cells to gancyclovir treat-
ment. 60  Another ingenious approach uses an anti-CEA sin-
gle chain antibody fused to cytosine deaminase to target 
colon cancer cells for 5- fl uorocytosine therapy. 61  An impor-
tant consideration for the use of CEA as target for therapy is 
that CEA expression in tumors does not necessarily corre-
late with CEA serum levels, 62  and therefore serum levels 
should not be used to select patients for CEA-directed 
therapy.   
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   Assays 

 CEA was  fi rst detected in serum with a radioimmunoassay in 
1969, which demonstrated levels above 20 ng/mL in 15 of 15 
recurrent or metastatic colon CA patients, levels above the 
2.5 ng/mL detection limit in 19 of 20 with preoperative or 
residual cancer, and undetectable levels in patients with no 
residual colon cancer, non-GI cancers, non-cancer GI dis-
eases, and normal subjects including pregnant women. 63  
Although these results were overly optimistic compared to 
subsequent studies, they launched the foundation for the use 
of CEA to detect cancer colon recurrence. 

 Most commonly used current CEA assays are performed 
on high throughput, automated, random-access analyzers 
using electrochemiluminescence detection, which have 
replaced manual, labor-intensive, and expensive radioimmu-
noassays. In general, a capture antibody is immobilized in a 
solid phase, such as magnetic beads, and CEA is puri fi ed 
from the sample after binding to the capture antibody and 
washing of unbound materials. Detection uses another anti-
CEA antibody, which is coupled to an enzyme such as alka-
line phosphatase. For chemiluminescence detection, a 
substrate such as Lumi Phos 530 is added and upon reaction 
with the enzyme generates light that can be measured with 
high sensitivity and low background by luminometers. 
Alternatively, the detection antibody may be coupled to a 
chemiluminescent chemical such as an acridinium ester. 
Other antibody-coupled enzymes may generate a colored 
product that can be measured with a spectrophotometer, but 
these are subject to higher background and more interference 
and are not commonly used in routine assays for clinical pur-
poses. More experimental detection methods are pushing 
further the limits of detection of CEA. For example, a micro-
chip assay using beads coated with a CEA capture antibody 
and a second anti-CEA antibody coupled to gold beads and 
thermal lens microscopy for detection achieved analytical 
sensitivities several times lower than conventional enzyme-
linked immunoassays. 64  It is important to note that CEA is a 
complex molecule, with multiple glycosylation sites and 
alternative epitopes, and results from one method cannot be 
directly compared to another method, especially if different 
antibodies and calibrator materials are used. 

 Typically, the capture and/or the detection antibodies are 
mouse monoclonal antibodies, therefore, these assays may be 
subject to interference by human anti-mouse antibodies 
(HAMA). Excess turbidity in the sample, such as highly 
lipemic serum, can also interfere with assays using colorimet-
ric or chemiluminescent detection. Another source of poten-
tial confounding results is the hook effect, which results from 
excessive amounts of antigen interfering with the formation 
of detectable antigen–antibody complexes and therefore 
resulting in falsely low measurements. In all these cases, dilu-
tion of the sample often removes some or all of the interfering 

substances. If the CEA levels after adjustment for the dilution 
factor are higher than the undiluted levels, an interference is 
possibly present. Other strategies involve removal of interfer-
ing immunoglobulins, e.g., with blocking reagents, polyeth-
ylene glycol precipitation, or anti-immunoglobulin columns.  

   Use of CEA in Colon Cancer 

 The major clinical use of CEA measurements is as an adjunct 
to assessing and monitoring the extent of colon cancer dis-
ease. While initially hoped to be tumor speci fi c, it soon 
became evident that individuals with several non-neoplastic 
conditions, including chronic smokers, had elevations in 
CEA levels. Therefore, this marker has limited utility for 
general screening, but as a quantitative test, it has been shown 
to correlate with the extent of colon cancer growth, with 
higher levels being seen in more advanced cancers with 
worse prognosis. The serum levels of CEA depend on the 
amount synthesized by the tumor, the number of CEA-
expressing cells in the tumor and their degree of differentia-
tion, CEA release from tumors by secretion, GPI-cleavage, 
and cell death, the vascularization of the tumor, amount of 
necrosis, catabolism of CEA by the liver, and renal elimina-
tion. As a general rule, benign conditions express lower level 
of CEA (typically < 10 ng/mL) and tend to remain stable over 
time, whereas CEA levels often increase with tumor progres-
sion. Recommendations for the use of CEA and other tumor 
markers in clinical care of patients with colon cancer are 
summarized in Fig.  15.2 .  

   Screening 
 In a review of colon cancer markers, Hundt et al 65  summa-
rized performance characteristics of CEA from 19 studies 
published before July 2006. Overall sensitivity varied from 
43 to 69% but was highly dependent on Dukes stage, ranging 
from 8 to 52% for Dukes A, 22 to 59% for Dukes B, 38 to 
72% for Dukes C, and 69 to 96% for Dukes D. CEA was 
more often than not below cutoff in non-metastatic colon 
cancers (stages A–C). Speci fi city was dependent on the CEA 
analytical cutoff and on the selected population of controls, 
and ranged from 55 to 100%. Lower speci fi city was observed 
with cutoffs below 4 ng/ml and in benign GI disorders. In 
general, the  use of CEA for screening and detection of early 
colon cancer in healthy individuals is not recommended 
because of poor sensitivity and optimal speci fi city.  66  ,  67  Even 
though it is not recommended for screening healthy, asymp-
tomatic individuals, a study in Singapore found that up to 
7.4% of asymptomatic patients whose only indication for 
endoscopy was an elevated CEA had a malignancy, includ-
ing colon, stomach, lung and ovarian cancer. 68  Once an ele-
vated CEA is found, it is probably best to investigate the 
patient for possible malignancy.  
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   Planning Therapy, Staging, and Evaluating 
Prognosis 
  CEA can be used conjunctly with other diagnostic modalities 
to evaluate extension of disease and plan surgical treatment. 
However, CEA should not be used to select patients for adju-
vant therapy.  67  While there is no formal prognostic evalua-
tion algorithm incorporating CEA, the College of American 
Pathologists 69  and The American Joint Committee on 
Cancer 70  have determined that CEA is a category I prognos-
tic factor for CRC and should be incorporated in staging pro-
tocols, together with tumor TNM stage and residual tumor 
following surgery. Category I includes “factors de fi nitively 
proven to be of prognostic import based on evidence from 
multiple statistically robust published trials and generally 
used in patient management”. 69  For example, pre-op 
CEA > 5 ng/ml was signi fi cantly associated with worst prog-
nosis in colon cancer (5-year disease free survival 71% vs 
82%), particularly in stage II tumors, 71  and CEA may be use-
ful to select patients with stage II tumors that may be 

bene fi ted from adjuvant chemotherapy. 72   All patients with 
CEA elevations ( e.g.,  >5 ng/mL) should be evaluated for the 
presence of distant metastases .  

   Postoperative Surveillance 
 A major role of CEA measurement is in the evaluation of the 
CRC patient postsurgery, with the goals of monitoring effec-
tiveness of therapy, providing reassurance to patients and 
health providers, and detecting recurrence or metastases. 
After curative resection, the overall 5-year recurrence rate of 
CRC is about 40%, including 12% local recurrence, nearly 
20% liver metastasis, 8% pulmonary metastasis, and 30% 
other recurrences. 73  After curative surgical resection of CRC, 
CEA levels tend to revert to normal, while persistently ele-
vated CEA is associated with residual tumor. Quantitative 
meta-analysis of 20 studies examining the performance of 
CEA in 4,285 patients following resection of colon CA 
arrived at an overall sensitivity of 64% for detection of can-
cer recurrence with 90% speci fi city. Using weighted 

  Fig. 15.2    National Academy of Clinical Biochemistry Laboratory Medicine Practice Guidelines for use of tumor markers in colorectal cancer 
(created from data in  67  ) . LOE and SOE as in Table  15.1        
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meta-regression, the optimal cutoff to achieve optimal diag-
nostic yield was 2.2 mg/dL, corresponding to derived 
speci fi city and sensitivity of 84%, still insuf fi cient for use in 
isolation. 74  Another meta-analysis determined the diagnostic 
accuracy of CEA for detection of local recurrence and liver, 
pulmonary, and other recurrences 73  (Table  15.3 ). It is impor-
tant to note that while the speci fi cities range from 73 to 91%, 
the positive predictive values are very low, around 3% for 
detection of local recurrences and 8% for detection of liver 
metastasis (Table  15.3 ).  

 Other meta-analysis studies have also concluded that 
intensive follow-up including CEA testing resulted in a small 
but statistically signi fi cant improvement in survival. In two 
of these studies, intensive surveillance was associated with 
improved outcome only if CEA was included. 75  ,  76  In general, 
early surgical intervention in patients with recurrent disease 
detected by increases in CEA levels may improve survival in 
up to 35% of patients. 77  A nomogram incorporating patient 
age, tumor location, preoperative CEA, T stage, numbers of 
positive and negative lymph nodes, lymphovascular inva-
sion, perineural invasion, and use of postoperative chemo-
therapy was developed to help predict post-operative cancer 
recurrence and showed a concordance index of 0.77, better 
than the categorical staging system of the American Joint 
Committee on Cancer. 78  Another nomogram incorporating 
CEA was developed to predict survival after hepatic resec-
tion for metastatic colon CA. 79  Note that there is no correla-
tion of serum CEA with tumor CEA or histopathologic 
features, even though high serum CEA predicts worse out-
come, 80  and therefore both CEA and morphological  fi ndings 
should be used for outcome prediction. 

 While the period between CEA elevation and detection of 
recurrence (lead time) may re fl ect the speed of tumor growth, 
there was no statistically signi fi cant correlation between lead 
time and re-resection rate or survival in a study of 4,841 resected 
colon cancer patients, probably because the average CEA lead 
time (about 5 months) is too short to have a signi fi cant impact. 81  
Markers that can detect recurrence with improved lead time 
relative to CEA, allowing more timely intervention before 
relapsing tumor or metastases become extensive, may offer 
better opportunity for improvements in outcomes. 

  These studies lead to the recommendation that CEA be 
measured every 2–3 months in stage II-III patients for at 
least 3 years, if the patients are candidates for surgery or 
systemic treatment in the event of cancer recurrence or meta-
static disease  (Table  15.1 ). Monitoring after 5 years is not 
advised, as over 80% of the recurrences occur during the  fi rst 
3 years, and therefore the positive predictive value of CEA 
elevations will considerably decrease. 82  Monitoring of early 
stage CRC with CEA or imaging does not appear cost effec-
tive, as less than 1% of the patients would bene fi t from such 
approach. 73  ,  83  In stage II, CEA levels >5 ng/mL together with 
stage T4 and lymphovascular or perineural invasion identi fi ed 
patients with lower 5-year survival that should potentially be 
considered for adjuvant chemotherapy. 84  Stage IV (Dukes D) 
patients are also poor candidates for follow-up, as surgery is 
rarely effective. 73  

 Monitoring should include at a minimum imaging and 
CEA measurements for optimal sensitivity in detecting CRC 
recurrences. In one study, the combination of CEA and CT 
imaging detected over 90% of the asymptomatic recurrences 
post-resection of CRC. 85  If CEA is used alone, a lower cutoff 
(e.g., 2.2 ng/mL or a 30% increase) should be used for 
increased sensitivity, followed by imaging and endoscopy 
for con fi rmation. The NCCN Colon Cancer Panel recom-
mends that  patients with con fi rmed elevations of CEA post-
surgical resection,  e.g.,  a    30% increase con fi rmed a month 
later, should undergo physical examination, colonoscopy, 
and chest, abdominal, and pelvic CT scans.  86  PET-CT should 
be considered but it is extremely rare to detect CRC recur-
rence if CT scans are negative. Imaging studies, if initially 
negative, should be repeated every 3 months until recurrence 
is identi fi ed or CEA stabilizes or decreases. With negative 
imaging studies, “blind” laparotomy or laparoscopy is not 
indicated solely based on the CEA elevation, as most eleva-
tions will be false positives. 73  

 Similarly, patients that fail to decrease CEA within 3–4 
weeks postsurgery may be at high risk for early recurrence 
and should undergo aggressive follow-up. A study of 600 
patients with CRC and elevated preoperative CEA levels 
found that persistently elevated postoperative CEA levels 
were a strong predictor of recurrence, particularly as liver 
metastases. 87  In another study of CRC patients with preop-
erative CEA levels >5 ng/mL showed that a drop  ³ 60% in 
CEA levels was associated with better 5-year survival 
rates. 88  

 Compliance with these recommendations appears poor. 
For example, a recent study of nearly 10,000 patients with 
curative resection for colon cancer found that only 17% had 
appropriate follow-up at the recommended frequency, while 
60% were tested less frequently and 23% above guideline 
recommendations. 89  Under testing was more frequent in 
older individuals and minorities.  

   Table 15.3    Diagnostic accuracy of CEA for detection of recurrences 
of CRC following curative surgery, based on data from 73    

 Outcome  Sensitivity  Speci fi city  PPV 
 Number 
of Patients 

 Local recurrence  60  86  2.8  1,305 
 Liver metastasis  73  91  8.3  1,293 
 Lung metastasis  56  83  3.4  525 
 Other recurrence  70  73  2.6  380 

   PPV  Positive predictive value. Numbers are in percentages  
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   Monitoring Response to Chemotherapy 
 In patients with advanced or metastatic disease, CEA levels 
are often elevated, and a sustained decrease in CEA levels 
correlates with good response to treatment. For example, a 
CEA doubling time of >13.8 days had a sensitivity of 86% 
with 85% speci fi city to detect disease progression, while 
patients that responded to therapy had CEA half-life of <3.4 
days. 90  The doubling time or half-life is calculated from an 
exponential-regressive curve connecting a minimum of three 
consecutive, semilogarithmic-transformed CEA values, 
which can be implemented in widely available worksheet 
programs. 

 CEA is the marker of choice for monitoring the response 
of metastatic disease to chemotherapy and should be used in 
conjunction with imaging and other clinical assessment 
modalities. Testing should be done for the duration of che-
motherapy with a testing interval of 2–3 months. An increase 
of at least 30%, when con fi rmed by a repeat measurement 
within 1 month, is considered evidence of cancer recurrence 
or metastatic disease, after ruling out early effects of chemo-
therapy or another cause for CEA elevation. 

  Caution : certain treatments (such as 5-FU, levamisole, irino-
tecan, and oxaliplatin) can cause temporary elevations of 
CEA, probably as a consequence of release by dying tumor 
cells, which may be associated with better outcomes. 91  -9  3  For 
example, a CEA  fl are, de fi ned as a  ³ 15% increase of  ³ 4  m g/L 
followed by a decrease of  ³ 15%, had an objective response 
rate of 73%, compared to 11% for patients with CEA increas-
ing  ³ 15% in two consecutive measurements. 94  Other studies 
have supported these  fi ndings. 91  ,9  5   Early CEA elevations 
should not be interpreted as failure to respond, and changes 
in therapy should not be based on CEA alone in the  fi rst 4–6 
months of chemotherapy .  

   Monitoring Colon Cancer with Negative CEA 
 CEA is elevated only in about 50% of patients with colon 
cancer, ranging from 0 to 15% in stage A to 65 to 80% in 
stage D. Therefore, other markers are necessary to monitor 
patients with CEA levels below cutoff. In addition to the use 
of CA19-9, other promising markers are discussed below.   

   Use of CEA in Gastric Cancer 

 CEA is actually expressed in the vast majority of gastric can-
cers (over 90%), particularly of the intestinal type, but 
expression in the tumor tissue by immunohistochemistry has 
little correlation with serum levels. 96  The National Academy 
of Clinical Biochemistry states that “although carcinoembry-
onic antigen and CA 19-9 have been proposed for use in gas-
tric cancer,… none of these markers can currently be 
recommended for routine clinical use”. 97  

   Screening 
 CEA is insensitive for early detection of GC, with positivity 
rates below 20%. In advanced GC, the positivity rates are 
higher but usually below 50%. Highly elevated CEA in non-
metastatic GC appears to be associated with signet ring mor-
phology and poorly differentiated tumors with massive local 
in fi ltration. 98  Another study showed good correlation between 
CEA elevation and serosal invasion. 99   

   Monitoring 
 A study of 258 patients post-gastrectomy for GC showed low 
sensitivity and speci fi city of both CEA and CA19-9 for pre-
diction of recurrence of gastric cancer. 100  These authors 
observed a false-positive rate of 15% in GC patients post-
gastrectomy, especially in patients with conditions that tend 
to elevate CEA, such as smoking, and liver, renal, or pulmo-
nary diseases. Positive predictive values were particularly 
low after gastrectomy for early stage GC, with recurrence 
rates below 3%, while the sensitivity for recurrence even in 
advanced stage GC was not very high (37% in GC, com-
pared to 80% for colon cancer). A different study con fi rmed 
a low positivity rate of CEA for GC (around 20%) but showed 
higher sensitivity (79%) for detection of recurrences in CEA-
positive tumors with a speci fi city of 94% with the same cut-
off of >5 ng/ml. 101  As in CRC, about 20% of patients 
undergoing chemotherapy for GC demonstrate early surges 
in CEA levels, occurring in the  fi rst few months of treatment, 
which should not be interpreted as indicators of progressive 
disease. 102   

   Prognostication 
 The value of CEA levels in predicting gastric cancer progno-
sis is a topic of controversy. An older multicentric study of 
2,768 GC patients showed that pre-gastrectomy CEA levels 
strongly correlated with stage, lymph node metastases, and 
histopathology and had independent prognostic value. 103  A 
study of 810 patients in Korea 96  showed signi fi cantly worse 
prognosis in 9% of patients with serum CEA >7 ng/mL 
(5-year survival of 80.7% vs 48%). In a study of 549 Japanese 
patients with GC undergoing gastrectomy, CEA levels above 
5 ng/mL were found in 19.5% of the patients, and the levels 
signi fi cantly correlated with depth of invasion, hepatic 
metastases, and rates of curative resection. 104  In multivariate 
analysis, CEA > 10 ng/mL, nodal involvement, and depth of 
invasion were signi fi cant predictors of prognosis. 104  In 
another study, CEA > 10 ng/mL correlated with worse sur-
vival, lymph node metastases, and depth of tumor invasion, 
although the difference between CEA-positive and CEA-
negative tumors was not large enough to be useful as a single 
prognostic factor in an individual patient. 105  In a separate 
study, patients with ascites  fl uid CEA (aCEA) levels >5 ng/
ml had an average survival of 2.3 months compared to 7.4 
months with aCEA below the cutoff; no such correlation was 
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found with serum CEA in these patients. 106  Peritoneal lavage 
CEA > 0.4 ng/mL also correlated with worse survival in a 
study of 229 Japanese patients. 107  CEA and CA19-9 levels 
were of no independent prognostic value in predicting sur-
vival of GC patients, 108  although combination with pro-
in fl ammatory proteins IL6 and CRP increased their predictive 
value. 109  Combination of CEA with CA19-9 and CA125 
showed increased sensitivity and speci fi city for predicting 
worse prognosis. 99  A comparison of CEA, CA 19-9, CA 
72-4, and AFP showed correlation of individual markers 
with metastasis locations, but only CA72-4 showed speci fi c 
independent prognostic value, with a 3.8-fold higher risk of 
death. 110   In summary, while more research is needed to deter-
mine the appropriate combination of markers for GC prog-
nostic evaluation and none of the markers are currently 
recommended for follow-up of GC, it seems reasonable to 
provide more intensive follow-up for GC patients determined 
to have elevated levels of CEA ,  CA19-9 ,  CA72-4 ,  or CA125.    

   CEA in Esophageal Cancer 

 CEA is expressed in about 60% of squamous cell tumors and 
most adenocarcinomas of the esophagus, and although eleva-
tions in the serum are found in only a minority of those patients, 
it can be used as a marker to monitor effectiveness of therapy. 111  
For example, while CEA >5 ng/mL was present in only 19% of 
the patients with EC before resection, elevations above the 
threshold occurred in 55% of the patients with recurring dis-
ease, with 90% speci fi city. 112  Squamous cell carcinomas 
(ESCC) are better followed with squamous cell markers, such 
as squamous cell cancer antigen (SCC), but CEA elevations are 
seen in a few cases and may be useful to monitor response to 
therapy. For example, while only 4.2% of the patients with 
ESCC and CEA elevations above 3.3 ng/ml responded to che-
motherapy, the complete response rate for those patients with 
low CEA was 48% in one study. 113  Interestingly, measurement 
of CEA mRNA in the serum of patients with ESCC had higher 
sensitivity and speci fi city than serum CEA or SCC protein 
levels for detection of postoperative recurrences. 114   

   CEA in Non-GI Tumors 

 CEA is nonspeci fi c for the gastrointestinal tract, and many other 
tumors can result in increased levels of CEA in the serum:

   Non-small cell Lung carcinomas (65%)  • 
  Small cell Lung carcinomas (30%)  • 
  Pancreatic carcinomas (25–55%)  • 
  Biliary carcinomas (50%)  • 
  Breast carcinomas (40%)  • 
  Squamous uterine cervical carcinomas (40%)  • 
  Ovarian tumors (25%)  • 

  Thymomas • 12   
  Medullary thyroid carcinomas • 115  ,  116   
  Salivary gland tumors • 117      

   False-Positive CEA Results 

 In a study in a central laboratory in Sweden, the overall inci-
dence of false-positive and false-negative CEA results in the 
general population was 4%. However, in patients with GI 
tumors, elevations in CEA unrelated to tumor progression 
are more frequent. For example, CEA (and CA19-9) remained 
elevated in 14% of 151 patients that had curative gastrec-
tomy. 118  Some of the patients had benign conditions associ-
ated with elevated CEA (see below), while in other patients 
the levels of CEA and CA19-9 spontaneously decreased 1–2 
months after the operation. These false-positive elevations 
are less common with curative CRC resections, enhancing 
their value for monitoring of recurrence in these tumors, 
compared to GC. 100  

 It is important to distinguish biological false positives, 
which represent true elevations of CEA not resulting from a 
neoplastic condition, from analytical false-positive results, 
which are caused by instrument malfunction or interferences 
with the assay and were discussed above. CEA elevations in 
benign diseases rarely exceed 10 ng/mL. In the following list 
of CEA biologic false-positives, numbers indicate approxi-
mate frequency of CEA elevations:

   Benign GI diseases• 
   Rectal polyps (5%)   –
  In fl ammatory bowel diseases (15–90% depending on  –
activity)  
  Diverticulitis (20%)   –
  Gastric ulcer (15%)   –
  Atrophic gastritis (25%)   –
  Pancreatitis (20–50%)      –

  Various renal and hepatic diseases may affect CEA levels, • 
as these organs are involved in its metabolism and 
elimination

   Acute hepatitis (50–85%)   –
  Chronic Hepatitis (20–30%)   –
  Cirrhosis (15–80%)   –
  Alcoholic liver disease (50–90%)   –
  Biliary obstruction (50%)   –
  Chronic renal failure (40%)      –

  Benign lung diseases• 
   Pulmonary emphysema (15–30%)   –
  Chronic bronchitis (15–70% depending on activity)   –
  Cystic  fi brosis (50%)   –
  Pneumonia (45%)   –
  Tuberculosis (35%)   –
  Sarcoidosis  – 119   
  Eosinophilic bronchiolitis  – 120      
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  Benign  fi brocystic breast disease (15%)  • 
  Hypothyroidism following chemoradiation therapy • 
involving the thyroid—CEA decreased after thyroxine 
supplementation 121   
  Circulating immune complexes with CEA can falsely • 
elevate the CEA levels because of the reduction in 
clearance  
  Anecdotally, high levels of CEA can persist post-curative • 
resection of colon cancer for several years without any 
evidence of tumor development or any of the causes 
above 122     
 Importantly, mild elevations of CEA can be seen in 

healthy individuals, correlating with smoking and advanced 
age. In a study of 276 healthy volunteers, smokers had higher 
mean levels of CEA (2.7 vs 1.9 ng/mL) and nearly 5% of the 
smokers had levels >5 ng/mL, although the CEA levels 
declined to nonsmoker range within 3 months of smoking 
cessation. 123  In both groups, CEA levels increased with age.  

   False-Negative CEA Results 

 About 50% of the patients with CRC have normal levels of 
CEA, particularly patients with localized disease and poorly 
differentiated tumors. Among patients with truly elevated 
CEA, there are some conditions that may result in falsely 
decreased CEA levels, including hemodilution, such as par-
enteral nutrition and blood transfusion, and the presence of 
CEA containing immune complexes in the plasma. 124  
Analytic interferences by anti-mouse antibodies can cause 
either false increases or decreases in CEA levels.   

   Other Glycoprotein Markers 

 The CA series of antigens are carbohydrate moieties of gly-
coproteins with complex patterns of glycosylation, recog-
nized by speci fi c antibodies (Table  15.4 ). The most commonly 
used marker for monitoring of GI tumors is CA19-9, although 
CA 72-4 has shown some promising characteristics. In gen-
eral, sensitivities above 50% were observed only for advanced 
and metastatic GI cancers.  

   CA 19-9 

 This antigen is related to the Lewis a  red blood cell antigen, 
structurally a sialylated Lewis a  lacto-fucopenteose II gangli-
oside, and was discovered in 1981 by Koprowski et al., in 
patients with gastric, colon, and pancreatic cancer. 125  Since it 
requires the Lewis gene product, 1,4-fucosyl-transferase, it 
is absent in Le a–b−  individuals, which comprise approximately 
5% of the general population, and therefore cannot be used 

as a tumor marker in this population. The main application of 
CA19-9 measurement is for detection of recurrences of 
pancreatic cancer, since it is elevated in about 80% of patients 
with pancreatic adenocarcinoma. Patients with locally 
advanced or metastatic pancreatic cancer receiving active 
therapy should be monitored every 1–3 months as recom-
mended by ASCO. 126  CA19-9 is also elevated in a variety of 
other tumors, including hepatobiliary, gastric, colorectal, 
breast, endometrial, and salivary carcinomas, and in a variety 
of benign conditions that include lung, renal, and liver 
disease, and up to 20% of patients with pancreatitis. In one 
report, persistent elevation of CA19-9 ranging from 112 to 
1,338 IU/ml was observed in patients followed for up to 7 
years without biliary or pancreatic tumors but with pulmo-
nary  fi brosis, diabetes, non-ulcer dyspepsia, obesity, acute 
diarrhea, colon diverticula, or gastric ulcer. 127  

   Colorectal Cancer 
 While only present in a minority of patients with resectable 
CRC (around 20%), CA19-9 elevation is an independent pre-
dictor of adverse prognosis in CRC and may complement 
CEA for that purpose. 128  ,1  29  A study in Japan concluded that 
computed tomography (CT), CA19-9, and CEA were the 
 fi rst abnormal test in 73, 25, and 22% of recurrences of 
resected CRC, respectively. 130  While imaging was superior 
to the serum markers, CA19-9 was able to detect recurrence 
earlier than CT in 27% of the patients. In patients with liver 
metastases of CRC, elevated CA19-9 (but not CEA) is a 
good predictor of extrahepatic metastases. 131   

   Gastric Cancer 
 Similarly to CRC, the positivity rate for CA19-9 is low in 
GC (around 18%), but the sensitivity for detection of recur-
rences in CA19-9-positive tumors is 60%, with a speci fi city 
of 93% at a cutoff of 100 U/ml. 101  A multicenter, prospective 
study in Japan of 321 patients with resected GC showed that 
the combination of CEA and CA19-9 had a sensitivity of 
85% for detection of tumor recurrence, compared to 66% for 
CEA alone. 132  Even in patients with preoperative-elevated 
CEA and/or CA19-9 (45%), the levels increased again at 
recurrence. CA19-9 correlated well with lymph node metas-
tasis, clinical stage, vascular invasion, and tumor size but not 
with survival in a study of 75 resectable, non-metastatic GC 
patients, suggesting that recurrence after surgical removal of 
non-metastatic GC is not predictable from preoperative 
CA19-9 levels. 108  Another study in 166 patients showed that 
preoperative CA19-9 correlated with clinical stage and was 
an independent prognostic factor in resected GC. 99  CA19-9 
has moderate sensitivity (38%) to detect peritoneal metasta-
sis of GC, 133  and appears more sensitive than CEA for that 
purpose, while CEA is more sensitive to detect liver metasta-
sis. 134  In another study, elevated CA19-9 had an odds ratio of 
4.4–4.5 to predict liver and lymph node metastasis in GC. 135  
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As with CEA, early surges in the levels of CA19-9 in GC 
patients treated with chemotherapy should not be interpreted 
as treatment failures. 102    

   CA 72-4 

 The CA72-4 glycoprotein is a mucin-like molecule with a 
molecular mass of over 1,000 kDa carrying the sialylated Tn 
blood group antigen. 136  It appears more speci fi c and less sen-
sitive than CEA for GI malignancies, with sensitivities of 
56%, 32%, and 18% for CRC, GC, and EC, respectively, in 
one study 137  and speci fi cities of more than 95%. 138  Addition 
of CA72-4 to CEA signi fi cantly increased the detection of 
CRC 139  but not of CRC recurrences. 140  A recent study using a 
time-resolved immuno fl uorometric assay showed a sensitiv-
ity of 84% with a speci fi city of 99% of CA72-4 for newly 
diagnosed GC. 141  Another study showed sensitivity of 48% 
for GC, which increased to 61% when combined with CEA 
and CA19-9. 142  While preoperative CA72-4 was elevated in 
only 20% of GC, post-gastrectomy recurrences showed ele-
vations in 51% of the cases with a speci fi city of 97%. 143  
CA72-4 is elevated in about 1–7% of benign GI conditions. 
While the low sensitivity of CA72-4 precludes its use as the 
sole marker for detection of GI cancers, its high speci fi city 
allows its addition in combination with other markers and 
may provide an useful target for molecular imaging and 
directed chemotherapy. 144   

   CA 125 

 The CA125 antigen is present in mucin 16 (MUC16), a cell-
surface associated single-pass type I membrane protein that 
can be cleaved and secreted into the extracellular space fol-
lowing phosphorylation of its intracellular domain. The main 
use of CA125 is to monitor epithelial ovarian cancer, but 
there are a few studies showing limited utility in GI cancers. 
For example, elevations of CA125 have a sensitivity of 39% 
and speci fi city of 98% to detect peritoneal metastasis of 
GC. 133  In another study, all GC patients with CA125 >35 U/
ml had peritoneal metastasis compared to only 23% of 
patients with CA125 <35 U/ml. 145  The main problem with 
this assay is its lack of speci fi city, as up to 64% of patients 
with liver cirrhosis, and 20–40% of patients with other GI 
and liver diseases have elevated CA125.  

   CA 242 

 This antigen is similar to CA19-9 but consists of a different 
sialylated Le a  epitope. Following radical gastrectomy for 
GC, CA242 may be more sensitive to detect lung metastases, 

while CA19-9 is a better predictor of peritoneal metastasis, 
and CEA appears more sensitive for liver metastases. 134  It 
has a slightly better AUC than CA19-9 as an adverse progno-
sis factor in CRC, with a 5 year recurrence rate of 77% for 
CA 242-positive cases vs. 44% for CA 242-negative. 129  Use 
of CA 242 in combination with CEA increased the overall 
sensitivity for metastases, e.g., from 84% with CEA alone to 
88% with the combination of CEA and CA 242. 146  CA 242 is 
elevated in 5–33% of benign GI conditions.  

   CA50 

 This antigen is also recognized by the CA19-9 antibody and 
is composed of sialylated Le a  and the afucosyl form of sialy-
lated Le a . It can be elevated in a variety of tumors, including 
pancreas, CRC and GC, but it is also elevated in 12–46% of 
benign diseases involving pancreas, liver, or biliary tract, 
limiting its usefulness as a tumor marker.   

   Promising Markers for Colon Cancer 

 A meta-analysis of CRC biomarkers published in 2007 
reported 52 serum protein markers with overall sensitivity 
ranging from 18% to 65%, 65  many listed in Table  15.5  
together with other potential biomarkers for which sensitiv-
ity and speci fi city data were available. No single marker is 
clearly superior for detection of CRC, and further study of 
new markers and possible marker combinations are neces-
sary to achieve sensitive biochemical detection of CRC. For 
example, combining CEA measurement with detection of six 
autoantibodies achieved 92% sensitivity and 96% speci fi city 
for CRC detection. 147   

 As an illustration of the slow progress in CRC biomarker 
development, the DR-70® (FDP) test (AMDL Diagnostics, 
Tustin, CA) is the  fi rst assay cleared by the FDA for monitor-
ing CRC since the approval of CEA in 1982. Sensitivity and 
speci fi city are comparable to CEA, but this can be a useful 
assay in patients with CRC and low levels of CEA. 148   

   Promising Markers in Gastric and Esophageal 
Cancer 

 Gastric and esophageal carcinomas have also been the sub-
ject of several studies examining potential biomarkers, a few 
examples of which are listed in Table  15.6 . The standard bio-
marker for monitoring esophageal squamous cell carcinomas 
is the squamous cell antigen (SCA), which is elevated in a 
variety of squamous cell carcinomas, including those affect-
ing the esophageal mucosa. It can be elevated in about 
40–50% of the patients with squamous cell carcinoma of the 
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   Table 15.5    Promising biomarkers associated with colorectal cancer   

 Marker  Sensitivity  Speci fi city  Pubmed 2009–2011  Reference 

 CA 19-9  18–65  80–100  68   65  a  
 VEGF  36–91  61–100  66   65  a  

  175  
 Antitumor antigen panel  61  90  23   158  ,1  76  
 TIMP-1  55  95  10   177  ,1  78  
 u-PA  76  80–96  8   179  
 sCD26  80–100  72–90  7   180  ,1  81  

  a -Defensins 1-3  69  100  7   182  ,1  83  

 M2-PK  56–85  76–90  6   184  ,1  85  
 OPN  30–65  56–85  5   186  
 CA 72-4  25–43  95–98  4   65  a  
 CA 242  33–55  89–96  4   65  a  
 TPA-M  70  96  4   187  
 SLEX  25  96  3   188  
 TATI  74  34  3   189  
 Laminin  89  88  3   190  
 Nicotinamide 
  N -Methyltransferase 

 51  95  3   191  

 Anti-CEA  79  90  3   192  
 GM-CSF  80  70  3   193  
 Fibrin degradation DR-7  65–80  67–93  3   148  ,1  94  
 CCSA-2  78  97  3   195  
 sP-selectin  21  94–99  2   196  
 Prolactin  77  98  2   197  

  a -Defensin 6 (DEFA6)  69  83  2   198  

 Cystatin SN  28  95  2   199  
 Migration inhibitory factor  47  91  2   200  
 SIMA  36  90–95  1   201  
 SIMA-I  27  89  1   202  
 SIMA-II  19  89  1   202  
 Anti-p53  15–28  100  1   65  a  
 IL-3  55  80  1   203  
 Progesterone  57–64  37–40  1   204  

 Dermokine  b  g   29–36  92  1   205  

 Seprase  42  95  1   151  
 Desmin  55  80  1   156  
 Anti-DDX-48  10  100  0   206  
 Anti-Fas  33  100  0   207  
 Anti-NCC-ST 439  27  94  0   208  
 BSP  88–96  100  0   186  
 CA 195  71  71–100  0   209  
 CA 50  24–67  51–99  0   65  a  
 CA M26  22  99  0   210  
 CA M29  12  99  0   210  
 CA M43  42–74  92–99  0   211  ,2  12  
 Cancer Procoagulant  86  82  0   213  
 CO 29.11  41  95–97  0   214  
 Free PSA (women)  35  93  0   215  
 GST enzymes  89  77–85  0   216  
 NCA50-90  35  95  0   217  
 PA 8-15  45  87–95  0   218  
 SCF  89  17  0   203  
 Tenascin  25  95  0   219  

(continued)
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esophagus and is associated with worse prognosis. 149  ,  150  It is 
also elevated in a variety of benign diseases of the skin (such 
as psoriasis, pemphigus, and eczema), lungs (tuberculosis, 
sarcoidosis, and pleural effusions), and other tissues with 
squamous epithelia, limiting its use for diagnostic purposes.   

   Proteomic Approaches to GI Tumor Markers 

 It is evident that single markers are of insuf fi cient diagnostic 
accuracy to screen for GI tumors, especially at early stages. 
Combinatorial approaches using several protein markers, 
which can be labeled as low-multiplex proteomics, have 
been shown to improve sensitivity and speci fi city for tumor 
detection. 151  For example, a protein chip using 12 markers 
(CEA, alpha-fetoprotein, CA 19-9, CA 242, CA 15-3, CA 
125, prostate speci fi c antigen, free-PSA, neuron-speci fi c 
enolase, human chorionic gonadotropin-beta, human growth 
hormone, and ferritin) detected GC with sensitivities varying 
from 37% in stage I to 50% in stage IV tumors. 152  More com-
prehensive, unbiased proteomic approaches aim at identify-
ing additional biomarkers differentially expressed by tumors. 

However, the approach using comprehensive proteomics has 
been somewhat disappointing. Most of the studies with 
serum proteomics identi fi ed peptides derived from secondary 
alterations in abundant serum proteins induced by tumor-
associated proteases. These approaches are unlikely to result 
in useful markers because of the lack of speci fi city. For 
example, surface-enhanced laser desorption/ionization 
(SELDI) based proteomics identi fi ed peptides derived from 
complement C3a des-Arg, alpha1-antitrypsin, and transfer-
rin, all nonspeci fi c to colon cancer, as having diagnostic 
potential. 153  Another SELDI study in gastric cancer identi fi ed 
 fi ve peaks that predicted survival with 84% sensitivity and 
85% speci fi city, but the nature of the peptides was not further 
speci fi ed. 154  A separate study using four unidenti fi ed peaks 
revealed a sensitivity of 93% and speci fi city of 90% for 
detection of GC. 155  Despite these promising results, good 
reproducibility of these  fi ndings has not yet been achieved. 

 In contrast to serum proteomics, differential proteomic 
analysis of tumor vs. non-tumor tissue samples can reveal 
tumor-associated proteins of potential diagnostic use. An 
example is the identi fi cation of desmin and ZF protein 829 
by 2D gel comparison of normal tissue and CRC. 156  

Table 15.5 (continued)

 Marker  Sensitivity  Speci fi city  Pubmed 2009–2011  Reference 

 Villin  51  87–97  0   220  

  a - l -fucosidase  69  85  0   221  

  “Pubmed” refers to the number of articles published between 2009 and 2011 referring the speci fi c marker 
  a Data from Hundt et al. 65   

   Table 15.6    Examples of promising biomarkers for detection of gastric (GC) and esophageal (EC) carcinomas   

 Marker  Outcome  Sensitivity  Speci fi city  References 

 CA72-4 + M2-PK  EC Detection  74  95   222  
 MMP-9  EC Detection  70  60   223  
 sVEGF-C  EC Detection  60  78   224  
 anti-CDC25B  EC Detection  57  91   225  
 MMP-9 (serum)  GC Detection  83  66   226  
 TIMP-1  GC Detection  17–89  97   227  ,2  28  
 MG7  GC Detection  84  87   229  
 MIF  GC Detection  84  92   230  
 M2-pyruvate kinase  GC Detection  62  89   231  
 IL18  GC Detection  52  83   232  
 MUC1/5 AC alternative glycosylation  GC Detection  25–42  90   233  
 IPO-38  GC Detection  57  90   234  
 Pepsinogen I/II + hsCRP  GC Detection—Early  74  70   235  
 ITIH3  GC Detection—Early  96  66   236  
 IL6  GC Detection—Advanced  82  67   237  
 IL6  GC Lymph node metastasis  87  58   237  
 Reg4 + Olfactomedin 4  GC Detection (Stage 1–4)  52–88  95   238  
 Soluble E-cadherin  GC Detection -Recurrence  47–59  75–81   239  
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Unfortunately, the delivery of tumor proteins to the plasma is 
affected by many factors, including tumor vascularization, 
degree of in fl ammation, necrosis, and  fi brotic response. The 
study of tumor-associated membrane-expressed proteins 
may obviate some of these limitations and identify biomark-
ers more likely to be released in circulation. For example, 
differential labeling of membranes from CRC versus normal 
mucosa, using the iTraq procedure, identi fi ed CEA, 
CEACAM6, claudin-1, HLA class I histocompatibility anti-
gen A-1, tapasin, and mitochondrial solute carrier family 
25A4 as differentially expressed in CRC. 157  

 An alternative approach to identify diagnostically useful 
markers is the detection of autoantibodies against tumor-
enriched/modi fi ed proteins. For example, Liu et al. used 
enzyme-linked immunosorbent assay (ELISA) to identify 
antibodies against Imp1, p62, Koc, p53, and c-myc full-length 
recombinant proteins in CRC, achieving a combined sensitiv-
ity of 61% and a speci fi city of 90%. 158  Adding CEA to the 
panel increased the sensitivity to 83%. A proteomic approach 
using 2D-gel electrophoresis followed by immunoblotting 
with sera from GC patients resulted in the identi fi cation of 
GRP78 as a target for autoantibodies in 28% of GC patients 
versus 0/20 controls. 159  A recent study used a high density 
protein array containing 37,830 clones expressing recombi-
nant proteins to identify patterns of autoantibodies that distin-
guished symptomatic from asymptomatic CRC patients. 160   

   Conclusions 

 Serum protein biomarkers offer the potential to diagnose and 
monitor GI tumors with simple, quantitative, easily auto-
mated, and inexpensive assays. Unfortunately, the diagnostic 
accuracy of current and most prospective markers is 
insuf fi cient to recommend their use in isolation for tumor 
detection, especially in the general population. In contrast, 
the role of serum protein markers in monitoring the response 
to treatment is well accepted, particularly for CEA and CRC. 
The list of newer, potential markers is large and likely to 
expand at an increasing rate, especially in consequence of 
large-scale “omic” approaches. While comprehensive pro-
teomic approaches are unlikely to be used in the near future, 
combinatorial panels of selected markers offering increased 
sensitivity and speci fi city are expected to replace single bio-
markers in the evaluation of patients with GI tumors.      
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