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Abstract

Cancer markers are molecules produced by cancer cells which may 
serve to identify the presence of cancer. Cancer markers can be dif-
ferentiated as serum-based, radiology-based and tissue-based, and 
are one of the most important tools in diagnosing, staging and moni-
toring of treatment of many cancers. The most used cancer markers 
are serum cancer markers due to its relative ease and lower cost of 
testing. However, serum cancer markers have poor mass screening 
utilization due to poor positive predictive value. Several markers 
such as prostate-specific antigen (PSA), beta-human chorionic gon-
adotropin (B-hCG), alpha-fetoprotein (AFP), and lactate dehydro-
genase (LDH) are used to aid in diagnosis of cancer in cases of 
high suspicion. Serum markers such as carcinoembryonic antigen 
(CEA), AFP, carbohydrate antigen 19-9 (CA 19-9), and 5-hydrox-
yindoleacetic acid (5-HIAA) play a significant role in assessing dis-
ease prognosis as well as response to treatment. This work reviews 
the role of some of the biomarkers in the diagnosis and treatment 
of cancer.
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Introduction

Cancer markers are molecules produced by cancer cells which 
may serve to identify the presence of cancer. Cancer mark-
ers can be differentiated as serum-based, radiology-based and 

tissue-based, and are one of the most important tools in diag-
nosing, staging and monitoring of treatment of many cancers. 
The most used cancer markers are serum cancer markers due 
to its relative ease and lower cost of testing. However, serum 
cancer markers have poor mass screening utilization due to 
poor positive predictive value. Radiological modalities such as 
mammogram, low-dose computed tomography (CT) scans are 
useful tools in screening for cancer in certain patient popula-
tions. Evidence of radiological markers such as the presence 
of “spiculated calcifications” on a mammogram can lead to 
further malignancy investigations. Lastly, tumor tissue mark-
ers provide insight into characteristics of the cancer by means 
of genetic mutation or a receptor overexpression. Examples of 
tissue markers include p53 mutation, estrogen and progester-
one receptors and human epidermal growth factor receptor 2 
(HER2) receptor. Tissue markers are often used to determine 
tissue-specific cancer treatment regimens and may also be 
used as predictors of overall prognosis in cancer patients. This 
article focuses on the common serum cancer markers and their 
current use in clinical practice.

Carcinoembryonic Antigen (CEA)

CEA is a glycoprotein involved in cellular adhesion normally 
produced in fetal development. The production of CEA stops 
prior to birth and as such, CEA levels are not generally ob-
served in significant quantities after birth [1]. A normal CEA 
result is typically < 2.5 ng/mL in non-smokers and < 5 ng/
mL in smokers [1]. The most common use of CEA in clinical 
setting is for disease monitoring in metastatic colorectal can-
cer during systemic therapy. Elevated CEA levels are also ob-
served in other malignancies including but not limited to pan-
creatic cancer, gastric cancer, hepatobiliary cancer and lung 
cancer (Table 1 [2-13]). Many non-malignant conditions such 
as smoking, peptic ulcer disease, inflammatory bowel disease 
and pancreatitis also lead to elevated CEA levels [2]. While 
specificity of CEA test for identifying future colorectal cancer 
patients is 99%, it carries poor sensitivity of 12%, making it a 
futile tool for mass screening purposes [14]. Due to the poor 
sensitivity and diverse prevalence of CEA in non-malignant 
conditions, the American Society of Clinical Oncology does 
not recommend the use of CEA as a screening test for colorec-
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tal cancer [15].
There is increased utilization of CEA as a prognostic 

marker. Elevated preoperative CEA levels correlated with in-
crease in danger of death compared to normal preoperative 
CEA levels in a study of 131,181 patients with stage I-III co-
lon cancer (hazard ratio (HR) 1.62, 95% confidence interval 
(CI) 1.53 - 1.74) [16]. CEA levels typically return to normal 
in 4 - 6 weeks after successful surgical resection. Although 
the guidelines recommend postoperative serum CEA testing 
every 3 months in patients with stage II or II disease for 3 
years after diagnosis to screen for metastatic disease, there 
is variation among clinicians on the serum CEA threshold to 
trigger further investigations [15, 17]. However, a Cochrane 
review of 52 studies concluded that 10 ng/mL ought to be 
used as a threshold to trigger additional investigations due to 
sensitivity of 68% and specificity of 97% [17]. CEA also re-
mains the marker of choice for monitoring disease activity in 
metastatic colon cancer while undergoing systemic therapy. 
CEA levels are measured every 1 - 3 months during active 
treatment. Rising levels above the patient’s baseline can be 
suggestive of progressive disease despite the absence of evi-
dence on radiographical imaging [2]. As such, CEA proves 
to be a valuable tool in monitoring of disease after the diag-

nosis of colorectal cancer despite poor utility in screening 
purposes.

Carbohydrate Antigen 19-9 (CA 19-9)

CA 19-9 is a sialylated Lewis (Lewisab) blood group antigen, 
synthesized in normal pancreatic parenchyma and biliary tract 
as well as epithelial cells of the gastric, colon and uterine mu-
cosa [18]. CA 19-9 is the most used biomarker for pancreatic 
ductal adenocarcinoma (PDAC) but is also found elevated in 
other malignancies such as gastric cancer, colorectal cancer, 
lung and thyroid cancer [19]. Serum levels of CA 19-9 have 
sensitivity of 81% with specificity of 90% for diagnosis of 
PDAC in symptomatic patients with a typical cutoff value of 37 
U/mL [3]. However, due to low prevalence of PDAC, its utility 
as a diagnostic marker is limited. Furthermore, false positive 
results are seen in benign conditions including pancreatobiliary 
diseases such as pancreatitis, cholangitis and obstructive jaun-
dice as well as autoimmune diseases, pulmonary disease and 
thyroiditis [3, 19]. Meanwhile, patients with Lewis negative 
phenotype (approximately 5-10% of population) do not pro-
duce CA 19-9 leading to falsely low levels even in the presence 

Table 1.  List of Markers, Reference Levels and Their Associated Cancers

Serial no. Marker Associated cancers Reference level Reference
1 CEA Colorectal cancer, pancreatic cancer, gastric 

cancer, hepatobiliary cancer, lung cancer
< 2.5 ng/mL in nonsmokers; 
< 5 ng/mL in smokers

[2]

2 CA 19-9 Pancreatic ductal adenocarcinoma, gastric cancer, 
colorectal cancer, lung cancer, thyroid cancer

37 U/mL [3]

3 AFP Hepatocellular carcinoma, non-seminomatous germ cell 
tumors (NSGCTs), gastric cancer, pancreatobiliary cancers

< 20 ng/dL [4]

4 CA-125 Ovarian cancer, endometrial cancer, breast cancer, gastric cancer < 35 U/mL [5]
5 CA 27-29 Breast cancer, colon cancer, lung cancer, 

pancreatic cancer, ovarian cancer
< 38 U/mL [6]

6 PSA Prostate cancer Aged based: 40 - 49 years: < 
2.5 ng/mL; 50 - 59 years: < 3.5 
ng/mL; 60 - 69 years: < 4.5 ng/
mL; 70 - 79 years < 6.5 ng/mL

[7]

7 B-hCG Non-seminomatous germ cell tumors, gestational trophoblastic 
tumors, neuroendocrine cancers, prostate cancer, lung cancer, 
gastrointestinal tract cancers, cancers of cervix, uterus and vulva

< 5 - 10 IU/mL in men [8]

8 Tg Thyroid cancer 1.40 - 29.2 ng/mL males; 
1.50 - 38.5 ng/mL females

[9]

9 Calcitonin Medullary thyroid cancer, neuroendocrine tumors, 
small cell lung cancer, prostate cancer

< 10 ng/mL [10]

10 LDH Testicular germ cell cancers, lung cancer, 
liver cancer, lymphomas, leukemias

140 - 280 U/L [11]

11 5-HIAA Neuroendocrine tumors (particularly small 
intestinal NETs and metastatic lung NETs)

2 - 8 mg/24 h [12]

12 β2M Multiple myeloma, chronic lymphocytic leukemia, lymphomas < 2 mg/L [13]

CEA: carcinoembryonic antigen; CA 19-9: carbohydrate antigen 19-9; AFP: alpha-fetoprotein; CA-125: cancer antigen 125; CA 27-29: cancer antigen 
27-29; PSA: prostate-specific antigen; B-hCG: beta-human chorionic gonadotropin; Tg: thyroglobulin; LDH: lactate dehydrogenase; 5-HIAA: 5-hy-
droxyindoleacetic acid; β2M: beta-2 microglobulin; NETs: neuroendocrine tumors.
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of advanced pancreatic cancer [3]. A large prospective study 
of 70,940 patients in South Korea showed positive predictive 
value of pancreatic cancer to be 0.9% in asymptomatic popula-
tion rendering it an ineffective screening marker [20].

CA 19-9 is however used extensively in monitoring re-
sponse to treatment of pancreatic cancer and is often useful 
in monitoring for recurrence. Many studies point to elevated 
serum levels of CA 19-9 to correlate with unresectable disease, 
but cutoff values differ significantly [3, 21, 22]. Guidelines 
recommend against using only perioperative CA 19-9 to de-
termine operability [15]. In resectable PDAC, elevated perio-
perative CA 19-9 levels have shown to correlate with staging 
and survival but threshold levels vary among studies [23, 24]. 
A study of 176 patients with PDAC showed that patients with 
postoperative decrease in CA 19-9 levels and with values of < 
200 U/mL were independent prognostic factors despite adjust-
ing for stage [23]. In patients treated with surgical resection 
receiving adjuvant chemotherapy, CA 19-9 levels may be used 
to evaluate patient’s response to therapy or in monitoring for 
recurrence. While both European Society for Clinical Oncol-
ogy (ESMO) and National Comprehensive Cancer Network 
(NCCN) recommend measurement of CA 19-9 levels after 
surgical resection and prior to adjuvant therapy to guide treat-
ment, there is no consensus on the magnitude of change or the 
frequency of monitoring [3, 25, 26]. However, rise in CA 19-9 
is usually accompanied by other investigative modality such as 
imaging to confirm progressive or recurrent disease. Addition-
ally, patients with Lewis null factor again do not benefit from 
CA 19-9 monitoring, as such many patients may exhibit low 
CA 19-9 levels despite progressive disease.

Alpha-Fetoprotein (AFP)

Serum AFP is the most widely used biomarker in diagnosis of 
hepatocellular carcinoma (HCC) with upper limit of normal 
< 20 ng/dL. When used alone to screen for HCC in patients 
with coexisting liver disease, AFP has suboptimal sensitivity of 
41-65% and specificity of 90-94% in diagnosis of HCC with a 
cutoff value of 20 ng/mL, although higher cutoff values show 
significantly improved sensitivity [4]. Elevated AFP levels are 
also seen in other malignancies including non-seminomatous 
germ cell tumors (NSGCTs), gastric and pancreatobiliary can-
cers while non-malignant causes of AFP elevation may include 
viral hepatitis, chronic liver disease and pregnancy [4]. The 
value of AFP as a solitary screening marker for HCC is heav-
ily debated. Up to 20% of HCC may not have elevated AFP 
levels at the time of diagnosis [27]. There is a disagreement 
among international professional societies regarding the use of 
AFP in screening for HCC. The Asian Pacific Association for 
the Study of Liver (APASL) and the Japan Society of Hepa-
tology (JSH) guidelines recommend using AFP as a screening 
marker, while the European Association for the Study of the 
Liver (EASL) recommends against the screening [28]. Mean-
while, the American Association for the Study of Liver Dis-
eases (AASLD) recommends screening for HCC in high-risk 
patients with ultrasound and leaving the decision to use AFP to 
clinician’s discretion [29]. While studies have shown AFP as an 

independent prognostic marker in patients with HCC, it does 
not have significant use in staging or treatment protocols [30, 
31]. AFP may be used for post-treatment monitoring and as a 
prognostic tool. A meta-analysis of 4,726 HCC patients showed 
post-treatment AFP response to be significantly associated with 
overall survival as well as recurrence-free survival in HCC pa-
tients [32]. The use of AFP in NSGCTs is discussed with the 
tumor marker beta-human chorionic gonadotropin (B-hCG).

Cancer Antigen 125 (CA-125)

Due to unspecific onset of symptoms and poor early detection 
methods, ovarian cancer is typically diagnosed in advanced 
stages in 75% of cases [33]. Although the CA-125 has been 
used in ovarian cancer to monitor treatment response, its role 
as screening and prognostic marker is rather unclear. The nor-
mal value for CA-125 is typically less than 35 U/mL. The 
sensitivity of CA-125 for ovarian cancer detection is 78.9% 
with 86.9% specificity with positive predictive value of 63.8% 
[34]. While up to 80% of women with epithelial ovarian car-
cinoma have elevated serum CA-125 levels with frequency of 
the elevation often correlating with tumor burden, only 50% of 
patients with stage I disease showed elevated CA-125 levels 
[35, 36]. Elevated levels of CA-125 are also found in vari-
ous benign gynecological conditions including ovarian cysts, 
endometriosis, cervicitis as well as benign liver disease and 
gastrointestinal disorders. Elevated CA-125 results are also 
associated with other malignancies including malignancies of 
endometrium, breast and gastrointestinal tract [5].

Although majority of patients with advanced disease carry 
poor prognosis, no American society currently recommends 
for routine ovarian cancer screening in general population. El-
evated CA-125 levels have poor utility in early-stage diseases. 
A recent randomized controlled trial (RCT) in UK evaluated 
routine screening in postmenopausal women aged 50 - 74 
years using CA-125, transvaginal ultrasound versus no screen-
ing. No significant reduction was noted in ovarian and tubal 
cancer deaths despite screening measures [37].

CA-125 levels are often measured perioperatively prior 
to debulking surgery and during chemotherapy to monitor re-
sponse. Some studies have identified perioperative CA-125 
cutoff value of 500 U/mL to predict successful primary de-
bulking surgery; however, there is no consensus on this thresh-
old value [33]. Despite its significant limitations, CA-125 is 
used to monitor treatment response by serial measurements. 
Successful response is determined as > 50% reduction in CA-
125 level after initiation of treatment. Patients with persistent-
ly high and unchanged CA-125 levels during and after chemo-
therapy showed poor prognosis in advanced epithelial ovarian 
cancer [38, 39]. Additionally, rising CA-125 levels are noted to 
precede signs of symptoms of disease recurrence in up to 70% 
of cases, making it a useful marker for recurrence [40].

CA 27-29

CA 27-29 is a monoclonal antibody that detects circulating gly-
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coprotein mucin 1 (MUC-1) antigen in peripheral blood which 
has been used in monitoring of breast cancer [6]. Elevated lev-
els of CA 27-29 are typically considered > 38 U/mL and are 
highly associated with breast cancer. However, elevated levels 
can also be seen in healthy individuals with benign conditions 
as well as other malignant conditions (Table 2) [6].

Due to poor positive predictive value in early stages, CA 
27-29 does not have a role in screening, diagnosing or stag-
ing breast cancer, although the sensitivity rises considerably 
in metastatic disease [6, 41]. Mammography remains one of 
the modalities of choice for breast cancer screening. There are 
insufficient data to recommend the use of CA 27-29 to moni-

tor recurrence of breast cancer after primary treatment. While 
some studies showed early detection of asymptomatic recur-
rence after curative treatment with elevated CA 27-29 levels, 
no clinical trial has shown whether early detection of asymp-
tomatic recurrence improved overall survival, progression-free 
survival or quality of life [41-43].

Prostate-Specific Antigen (PSA)

PSA is produced by epithelial cells of both benign and prostate 
gland. Elevated PSA levels are seen in patients with prostate 

Table 2.  Serum Markers by Cancer Type, Advantages and Disadvantages

Cancer Agent Advantages Disadvantages
Colon cancer CEA Marker of choice for monitoring disease 

activity and for metastatic disease
Poor sensitivity, diverse prevalence of 
CEA in various nonmalignant conditions

Pancreatic ductal 
adenocarcinoma

CA 19-9 Monitoring treatment response; Postoperative 
decrease strongly correlates with improved survival

Not useful in patients with Lewis null 
phenotype; Not a useful screening marker

Hepatocellular carcinoma AFP Independent prognostic factor; Useful 
for post-treatment monitoring

Suboptimal sensitivity, use in 
screening is controversial; No use 
in staging or treatment protocols

Epithelial ovarian cancer CA-125 Perioperative levels predict successful 
debulking surgery; Can be used for 
monitoring treatment response

Low levels in patients with stage I 
disease hinder early diagnosis

Breast cancer CA 27-29 Early detection of asymptomatic recurrence Poor positive predictive value in 
early stage of disease; Multiple 
benign disorders increase levels

Prostate cancer PSA Useful marker in monitoring for recurrence and 
metastasis free survival; Prognostic marker

Falsely elevated in benign conditions. 
Increased screening does not translate 
to improved overall survival

Non-seminomatous 
germ cell tumors

B-hCG Useful in assessing tumor burden, risk 
stratification and treatment regimen based on 
degree of marker elevation; prognostic marker

False positive rates seen in 
tumor lysis, marijuana use and 
multiple other malignancies

AFP Useful in assessing tumor burden, risk 
stratification and treatment regimen based on 
degree of marker elevation, prognostic marker

Present in variety of malignant 
and nonmalignant conditions

LDH Useful in assessing tumor burden, risk 
stratification and treatment regimen based on 
degree of marker elevation, prognostic marker

Degree of elevation highly nonspecific 
and may be caused by variety of 
benign and malignant conditions

Thyroid cancer Thyroglobulin Useful in monitoring recurrent and metastatic 
disease, response to therapy, prognostic marker

Limited screening utility due to 
association with benign conditions

Medullary thyroid cancer Calcitonin Degree of elevation correlates with degree of tumor 
burden and metastasis, important for postoperative 
monitoring and evaluation of metastasis

Not available in US, poor 
positive predictive value due to 
low prevalence of disease

Neuroendocrine tumors 5-HIAA Useful in evaluation of carcinoid heart 
disease, serves as a prognostic factor

Not effective screening marker for 
all NETs. Levels affected by wide 
range of foods and medications

Multiple myeloma β2M Useful in staging multiple myeloma, 
prognostic factor, correlates with 
disease stage and tumor burden

Not specific for multiple myeloma, 
may be seen in other malignancies 
and benign conditions

CEA: carcinoembryonic antigen; CA 19-9: carbohydrate antigen 19-9; AFP: alpha-fetoprotein; CA-125: cancer antigen 125; CA 27-29: cancer antigen 
27-29; PSA: prostate-specific antigen; B-hCG: beta-human chorionic gonadotropin; LDH: lactate dehydrogenase; 5-HIAA: 5-hydroxyindoleacetic 
acid; β2M: beta-2 microglobulin; NETs: neuroendocrine tumors.
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cancer as well as other benign conditions such as prostatitis 
and benign prostatic hyperplasia [44]. Serum PSA concentra-
tions are correlated with increasing patient age and prostatic 
volume. In order to make PSA a more discriminating tumor 
marker for detecting clinically significant prostate cancer, dif-
ferent age-based cutoffs for serum PSA levels have been pro-
posed. In general, the recommended upper reference range for 
serum PSA for men aged 40 - 49 years is 2.5 ng/mL; for 50 - 59 
years, it is 3.5 ng/mL; for men aged 60 - 69 years, it is 4.5 ng/
mL; and 70 - 79 years, it is 6.5 ng/mL [7]. Despite adjusting for 
age, ethnicity is also an independent factor influencing serum 
PSA levels. Among men with no evidence of prostate cancer, 
African American males had higher serum PSA levels and PSA 
densities compared to Caucasian or Hispanic males [45]. Simi-
larly, African American males with non-metastatic cancer at 
diagnosis also had higher serum PSA levels than Caucasian 
males with non-metastatic disease [46].

Despite age-adjusted ranges for serum PSA, screening for 
prostate cancer with PSA remains a highly controversial issue. 
The US Preventative Service Task Force (USPSTF) recom-
mends shared decision making based on individual risk factors 
to utilize prostate cancer screening in men aged 55 - 69 years 
(grade C recommendation) whereas for men aged 70 years or 
above, prostate cancer screening is not recommended (grade 
D recommendation [47]. Although PSA-based screening pro-
grams in men aged 55 - 69 years have shown to prevent 1.3 
deaths from prostate cancer in 1,000 men screened over 13 
years as well as three cases of metastatic cancer per 1,000 men 
screened, the trials did not show any reduction in all-cause 
mortality from screening [47].

Meanwhile, the incidence of prostate cancer is higher in 
African American males with increased incidence of transfor-
mation to aggressive disease compared to the general popula-
tion [48]. Consequently, African American men have two- to 
threefold higher mortality rate compared to general population 
[48]. Despite poorer outcomes, data from RCTs do not show 
adequate evidence to recommend screening due to poor en-
rollment of African American patients in the studies. For ex-
ample, the PLCO trial which found no significant difference 
in all-cause mortality in prostate cancer screening programs 
included 4.3% African American patients [49]. Additionally, 
African American males are at a risk of increased harm from 
screening testing as well. Complications data from the PLCO 
trial showed that African American patients had a higher infec-
tious complications rate following prostate biopsy [50].

While prostate cancer screening remains a debate, serum 
PSA is a useful marker in patients with established diagnosis 
of prostate cancer. Although no clinical trials have defined the 
optimal frequency for measuring serum PSA levels, the NCCN 
guidelines recommend treatment monitoring with serum PSA 
every 6 months for the first 5 years and then annually [51]. 
Following radical prostatectomy, rising PSA levels may indi-
cate evidence of recurrent or metastatic disease [52]. Addition-
ally, the prostate-specific antigen doubling time (PSADT) of ≤ 
7.5 months has been reported as an independent predictor of 
metastasis-free survival [53]. Following radiotherapy, serum 
PSA levels require careful interpretation. Serum PSA levels 
can initially fluctuate after radiation therapy before reach-
ing post-treatment nadir. Therefore, the American Society for 

Therapeutic Radiology and Oncology (ASTRO) consensus 
panel defines three successful elevations in serum PSA com-
pared to nadir, regardless of PSA value as biochemical failure 
after radiotherapy [54].

B-hCG

B-hCG is a glycoprotein normally produced by the placenta 
in pregnancy. In men, the normal value of B-hCG is < 5 - 10 
IU/L. Elevated levels are frequently seen in germ cell tumors 
(GCTs) and gestational trophoblastic disease, although mild 
increases have also been reported with other malignancies (Ta-
ble 2) [8]. Additionally, non-malignant conditions such as hy-
pogonadal state, presence of heterophilic antibodies and mari-
juana use have also been linked to false positive results [8]. 
B-hCG, along with AFP and LDH are the best studied tumor 
markers for patients with GCTs. While these tumor markers 
are not effective in screening asymptomatic men for testicular 
tumors due to low incidence and low mortality rate. In patients 
with testicular mass suspicious of GCT, these serum markers 
can help establish initial diagnosis, provide risk stratification 
and assist with post-orchiectomy management [55].

Histologically, GCTs are divided into seminomas and 
NSGCTs. Testicular NSGCTs produce AFP or B-hCG, where-
as pure seminomas do not produce AFP [55]. Serum LDH is 
not a reliable tumor marker in aiding in diagnosis as eleva-
tions in LDH can be highly non-specific. Among patients with 
NSGCTs, frequency of elevation in serum B-hCG and AFP 
correlates with advancing clinical stage and tumor burden. 
Elevated serum B-hCG levels are seen in 10-20% of stage I 
disease, 20-30% of low volume stage II disease, and 40% in 
advanced disease [55]. Elevated AFP levels are also similar-
ly seen in 10-20% of stage I disease, 20-40% of low volume 
stage II disease, and 40-60% in advanced disease [55]. While 
increased levels do not alone establish diagnosis of GCTs, in 
patients with testicular or retroperitoneal tumor who have ex-
tensive disease burden requiring urgent initiation of treatment, 
substantial elevation in serum B-hCG and/or AFP may be con-
sidered sufficient for diagnosis of GCT [8].

While majority of the serum tumor markers are not used 
in staging of cancers, the TNM staging system for testicular 
GCTs incorporates serum tumor marker elevation as a distinct 
category [56]. The measurement of serum B-hCG and AFP af-
ter orchiectomy provide guidance for risk stratification and de-
termination of treatment plan [57]. For patients with advanced 
disease receiving chemotherapy, AFP and B-hCG levels are 
measured prior to each treatment cycle and upon completion 
of chemotherapy to assess for treatment response and for evi-
dence of relapse or resistance to treatment. Initial increase in 
first cycle may be secondary to tumor lysis. Biological half-life 
of 24 - 36 h for hCG and 7 days for AFP need to be considered 
in evaluating the decline in serum hCG and AFP levels (Table 
3 [2-5, 7-13]) [55]. However, lack of expected decline in tumor 
markers may be suggestive of resistance to treatment. A phase 
III trial of 263 patients with NSGCT treated with bleomycin, 
etoposide and platinum therapy were treated by an approach 
based on tumor marker response [58]. Patients with insuffi-
cient tumor marker decline underwent dose dense chemothera-
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py instead of standard dose. Among this group, patients treated 
with dose-dense therapy had 59% three-year progression-free 
survival compared to 48% in those with standard treatment 
dose [58]. Following successful treatment, serum B-hCG, AFP 
and LDH are monitored every 2 - 6 months to assess for recur-
rence as elevations in AFP and B-hCG may be the first signs of 
relapse. A sole rise in LDH is highly non-specific and must be 
interpreted carefully [57].

In addition to monitoring treatment response and recur-
rence, serum markers in NSGCTs also serve as independent 
prognostic factors based on the degree of elevation. Results 
from the International Germ Cell Cancer Collaborative Group 
(IGCCCG) of 5,202 patients with NSGCT showed that degree 
of elevation of AFP, hCG and LDH were independent predic-
tors of risk along with mediastinal primary site and presence of 
non-pulmonary visceral metastases [59].

Thyroglobulin (Tg)

Tg is a glycoprotein produced exclusively by the thyroid fol-
licular cells and is stored as colloid within the thyroid follicles 
[59]. Regulated by the thyroid-stimulating hormone (TSH), 
it is then iodinated and degraded to triiodothyronine and thy-
roxin. The normal range of TG varies based on gender, iodine 
intake as well as presence of anti-Tg antibodies (anti-Tg Abs). 
Gender-specific reference ranges of 1.40 - 29.2 ng/mL for 
males and 1.50 - 38.5 ng/mL for females have been proposed 
[9]. Notably, anti-Tg Abs are seen in up to 10% of patients with 
normal thyroid as well as up to 20% patients with Graves’ dis-
ease, Hashimoto’s disease and thyroid cancer, leading to false-
ly low levels of Tg [9]. The use of serum Tg as a screening and 
diagnostic tool is significantly limited due to low sensitivity of 
70% and specificity of 80% [9]. In addition to differentiated 
thyroid cancers, benign conditions such as thyroiditis, Graves’ 
disease may also lead to increased Tg levels. In peri-operative 
setting for thyroid cancer, measurement of Tg and anti-Tg Abs 
do not show significant association with disease staging or im-

proved overall survival [60].
However, serum Tg has clinical utility in monitoring and 

management of recurrent and metastatic disease in postopera-
tive setting as per guidelines from American Thyroid Associa-
tion and NCCN [60, 61]. Not only can the postoperative Tg 
levels assist in risk stratification of thyroid cancer, Tg levels 
can also help assess biochemical response to therapy and as-
sess for disease recurrence [61]. Serum Tg reaches nadir ap-
proximately 3 - 4 weeks postoperatively and is checked in most 
patients 6 - 12 weeks following total thyroidectomy [60]. High 
postoperative Tg values (> 10 - 30 ng/mL) are associated with 
poor overall survival and conversely, low Tg (< 1 - 2 ng/mL) 
is one of the strong predictors of remission [62]. Additionally, 
elevated postoperative stimulated Tg levels, typically > 10 ng/
mL, help identify patients who may benefit from radioiodine 
ablation (RAI). The risk of recurrence and metastasis rises in 
patients with rising postoperative Tg levels [62]. Serum Tg is 
also used for long-term monitoring of differentiated thyroid 
cancers, initially every 6 to 12 months and then annually if the 
patient remains disease free [61]. It is important to note that 
serum Tg level is typically used in conjunction with anti-TG 
Abs levels since some recurrences may present with normal Tg 
level with high anti-TG Abs. Furthermore, utility of serum Tg 
is limited in cancers with mutations of the Tg gene [9]. Despite 
these limitations, overall Tg serves as an excellent monitor-
ing and prognostic marker in diagnosed differentiated thyroid 
cancers.

Calcitonin

Calcitonin is a 32-amino acid monomeric peptide which is se-
creted by the parafollicular C cells of the thyroid gland [63]. 
Although elevated calcitonin levels are a distinct hallmark of 
medullary thyroid cancer, small elevations are also seen in pa-
tients with chronic renal failure, autoimmune thyroiditis and in 
various neuroendocrine tumors, small cell lung cancers and at 
times, prostate cancer [63]. Interestingly, the calcitonin levels 

Table 3.  Half-Lives of Serum Tumor Markers

Serial no. Tumor marker Half-life Reference
1 CEA 3 - 5 days [2]
2 CA 19-9 4 - 8 days [3]
3 AFP 5 - 7 days [4]
4 CA-125 5 days [5]
5 PSA 1.83 h [7]
6 B-hCG 24 - 36 h [8]
7 Thyroglobulin 14 h [9]
8 Calcitonin 30 h [10]
9 LDH 24 h [11]
10 5-HIAA 1.3 h [12]
11 β2M 2.5 h [13]

CEA: carcinoembryonic antigen; CA 19-9: carbohydrate antigen 19-9; AFP: alpha-fetoprotein; CA-125: cancer antigen 125; PSA: prostate-specific 
antigen; B-hCG: beta-human chorionic gonadotropin; LDH: lactate dehydrogenase; 5-HIAA: 5-hydroxyindoleacetic acid; β2M: beta-2 microglobulin.
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in patients with non-thyroid malignancies do not appear to in-
crease in response to pentagastrin stimulation [10].

Currently, there is no consensus between the European and 
the American guidelines regarding the routine measurement 
of serum calcitonin to detect medullary thyroid carcinoma 
(MTC) in patients with thyroid nodules. Whereas in Europe, 
pentagastrin stimulation is used to measure calcitonin levels, 
pentagastrin is not available for use in United States [63]. The 
current reference range for calcitonin level is < 10 ng/mL with 
high sensitivity and specificity for MTC; however, due to low 
prevalence of the disease, it has poor positive predictive value 
[10]. The opposition to routine calcitonin measurement stems 
from the risk of false positives in the setting of low prevalence 
with long-term implications for patients who may undergo un-
necessary thyroidectomy as well as cost-effectiveness and lack 
of confirmatory pentagastrin stimulation testing [10, 61, 63]. 
However, in patients with large thyroid nodules in whom the 
fine-needle aspiration (FNA) is inconclusive or suggestive of 
MTC, calcitonin measurements in FNA washout fluid are rec-
ommended for diagnostic accuracy [61, 63].

In patients with diagnosed MTC, the degree of elevations 
in basal calcitonin levels may correlate with the degree of tu-
mor burden and metastasis [63]. Postoperatively, calcitonin 
levels and calcitonin doubling time are monitored along with 
CEA levels to assess treatment response and disease recur-
rence/progression [61]. After curative surgery, serum calci-
tonin levels fall to undetectable levels. If serum levels remain 
low postoperatively, this is considered a biochemical cure. Per-
sistently elevated or rising levels indicate residual cancer or 
presence of metastasis which requires further diagnostic imag-
ing [64]. Furthermore, calcitonin doubling time has also been 
found to be an independent predictor of survival in multivari-
ate analysis [64]. After definitive treatment, serum calcitonin 
levels may be monitored every 6 to 12 months for recurrence 
[61].

Lactate Dehydrogenase (LDH)

LDH is one of the most common enzymes that normally ap-
pears throughout the body and small amounts. LDH is released 
in response to cell damage and is generally a marker of cellu-
lar metabolic rate and tissue injury [11]. Elevated LDH levels 
may be seen in conditions of acute or chronic inflammation, 
infection as well as in heart failure, lung disease or liver dis-
ease, and frequently in many malignancies [11]. Given that 
elevated LDH levels are highly nonspecific, it is not generally 
considered a reliable tumor marker in aiding in diagnosis of 
most cancers. However, LDH levels can be used in diagnos-
ing testicular masses suspicious for GCTs [58]. While sole rise 
in LDH requires careful interpretation, along with B-hCG and 
AFP, it can help establish initial diagnosis and risk stratifica-
tion [57]. Additionally, in testicular cancer patients, the degree 
of LDH elevation corresponds to high tumor burden in semi-
noma and recurrence in NSGCT, whereas low LDH activity is 
associated with high likelihood of remission and is considered 
a good prognostic factor [55, 57].

In melanoma, serum LDH levels are incorporated into the 

staging system [65]. The NCCN guidelines recommend ob-
taining serum LDH at the time of diagnosis of stage IV disease 
[65]. High levels of serum LDH are considered a surrogate for 
overall tumor burden and are an independent predictor of poor 
outcomes in patients with stage IV disease [66]. Additionally, 
prognostic scoring systems for several cancers have also in-
corporated the use of LDH levels to determine prognosis, in-
cluding the international prognostic index (IPI) for prognosis 
of diffuse large B-cell lymphoma, FL international prognostic 
index (FLIPI) for follicular lymphoma as well as MCL interna-
tional prognostic index (MIPI) for mantle cell lymphoma [67, 
68].

5-Hydroxyindoleacetic Acid (5-HIAA)

5-HIAA, the main metabolite of serotonin, is one of the most 
commonly used biomarkers in evaluation and management 
of neuroendocrine tumors (NETs), especially when carcinoid 
syndrome (CS) is present [69]. 5-HIAA is considered a bio-
chemical marker particularly in metastatic lung or small in-
testinal NETs since these tumors have the high secretion of 
serotonin and other vasoactive substances and are more likely 
to cause carcinoid syndrome which can present with symp-
toms of flushing, wheezing, diarrhea [70]. Although elevated 
production of 5-HIAA may aid in diagnosing some NETs, low 
or normal levels cannot rule out the presence of NETs. Thus, 
it does not serve as an effective screening marker and routine 
evaluation in asymptomatic individuals is not recommended 
[69].

Urine 5-HIAA excretion has been the preferred method of 
assessing elevated levels. A 24-h urine collection is required 
as random urine samples can produce varying concentrations 
[12]. In addition, a variety of foods rich in serotonin or trypto-
phan as well as certain medications including acetaminophen, 
naproxen, nicotine may affect 5-HIAA levels. Patients are ad-
vised to avoid these foods and medications for 48 h prior to the 
start of and during urine collection [70]. Evaluation of 5-HIAA 
levels may be useful in assessing response to treatment as well 
as monitoring for carcinoid heart disease in certain NETs [71]. 
Rising 5-HIAA levels may be indicative of poor or inadequate 
response to treatment whereas reduction in levels may indi-
cate response to therapy [69]. A meta-analysis comparing urine 
5-HIAA and mortality in patients with NETs showed a signifi-
cant relationship, with every 10-fold increase in urine 5-HIAA 
associated with 11.8% increase in 1 year mortality among 
these patients [71]. This is likely due to development of car-
cinoid heart disease, which is associated with rising 5-HIAA 
levels and is an independent poor prognostic factor [72].

Beta-2 microglobulin (β2M)

β2M is a protein that forms one of the chains of the major 
histocompatibility complex (MHC) class I and plays a role in 
antigen presentation to cytotoxic T cells and immune homeo-
stasis [13]. Elevated levels of β2M may be seen in hematologi-
cal malignancies such as multiple myeloma, chronic lympho-
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cytic leukemia (CLL) and lymphomas. Elevated β2M may also 
be observed in nonmalignant conditions such as inflammatory 
bowel disease, cytomegalovirus and human immunodeficien-
cy virus (HIV) infection as well as dialysis related amyloidosis 
[13].

While β2M is not utilized purely for screening of hemato-
logical malignancies, it plays a significant role in staging and 
as a prognostic factor. The Revised Multiple Myeloma Interna-
tional Staging System (R-ISS) incorporates serum β2M levels 
in staging and prognosis of patients along with serum albumin, 
LDH and presence of high-risk genetic translocations [73]. Pa-
tients with high serum β2M levels (> 3.5 mg/L) are noted to 
have significantly inferior survival compared to patients with 
low serum β2M levels as elevated levels may possibly reflect 
greater tumor burden and renal involvement [73]. Additionally, 
serum levels of β2M are also used to in determining prognosis 
in patients with CLL and is incorporated in the International 
Prognostic Index for Chronic Lymphocytic Leukemia (CLL-
IPI) score as elevated β2M levels are thought to correlate with 
advanced disease stage [74].

Conclusion

While many serum cancer markers are not recommended for 
use in screening for cancer, several markers such as PSA, B-
hCG and AFP may be used to aid in cancer diagnosis. While 
serum cancer markers must be interpreted carefully due to 
poor sensitivity and association with multiple malignant and 
benign conditions, they are useful in patients with established 
cancers and play a significant role in monitoring for treatment 
response and assessing for relapse. Additionally, degree of el-
evation of many serum markers also serves as an independent 
prognostic marker in certain cancers.

Acknowledgments

None to declare.

Financial Disclosure

The authors declare that there was no funding for this study.

Conflict of Interest

The authors do not report any conflict of interest.

Author Contributions

Both authors AG and SD participated in conceptualization, 
methodology and literature search for the study. SD partici-
pated in the writing of the original draft. Both AG and SD were 
involved in editing and revision of the manuscript. All authors 
have read the final manuscript and agree to the content.

Data Availability

The data supporting the findings of this study are available 
from the corresponding author upon reasonable request.

Abbreviations

CEA: carcinoembryonic antigen; CA 19-9: carbohydrate an-
tigen 19-9; AFP: alpha-fetoprotein; CA-125: cancer antigen 
125; CA 27-29: cancer antigen 27-29; PSA: prostate-specific 
antigen; B-hCG: beta-human chorionic gonadotropin; TG: 
thyroglobulin; LDH: lactate dehydrogenase; 5-HIAA: 5-hy-
droxyindoleacetic acid; β2M: beta-2 microglobulin

References

1. Fletcher RH. Carcinoembryonic antigen. Ann Intern Med. 
1986;104(1):66-73.

2. Hall C, Clarke L, Pal A, Buchwald P, Eglinton T, Wake-
man C, Frizelle F. A Review of the Role of Carcinoem-
bryonic Antigen in Clinical Practice. Ann Coloproctol. 
2019;35(6):294-305.

3. Steinberg W. The clinical utility of the CA 19-9 tumor-
associated antigen. Am J Gastroenterol. 1990;85(4):350-
355.

4. Zhang J, Chen G, Zhang P, Zhang J, Li X, Gan D, Cao X, 
et al. The threshold of alpha-fetoprotein (AFP) for the di-
agnosis of hepatocellular carcinoma: A systematic review 
and meta-analysis. PLoS One. 2020;15(2):e0228857.

5. Moss EL, Hollingworth J, Reynolds TM. The role of 
CA125 in clinical practice. J Clin Pathol. 2005;58(3):308-
312.

6. Kabel A.M., Tumor markers of breast cancer: New pro-
spectives. Journal of Oncological Sciences. 2017;3(1):5-
11.

7. Oesterling JE, Jacobsen SJ, Chute CG, Guess HA, Gir-
man CJ, Panser LA, Lieber MM. Serum prostate-specific 
antigen in a community-based population of healthy men. 
Establishment of age-specific reference ranges. JAMA. 
1993;270(7):860-864.

8. Stenman UH, Alfthan H, Hotakainen K. Human chorionic 
gonadotropin in cancer. Clin Biochem. 2004;37(7):549-
561.

9. Indrasena BS. Use of thyroglobulin as a tumour marker. 
World J Biol Chem. 2017;8(1):81-85.

10. Verbeek HH, de Groot JWB, Sluiter WJ, Muller Kobold 
AC, van den Heuvel ER, Plukker JT, Links TP. Calcitonin 
testing for detection of medullary thyroid cancer in peo-
ple with thyroid nodules. Cochrane Database Syst Rev. 
2020;3(3):CD010159.

11. Forkasiewicz A, Dorociak M, Stach K, Szelachowski P, 
Tabola R, Augoff K. The usefulness of lactate dehydroge-
nase measurements in current oncological practice. Cell 
Mol Biol Lett. 2020;25:35.

12. Bajetta E, Ferrari L, Martinetti A, Celio L, Procopio G, 
Artale S, Zilembo N, et al. Chromogranin A, neuron spe-



Articles © The authors   |   Journal compilation © World J Oncol and Elmer Press Inc™   |   www.wjon.org12

Cancer Markers World J Oncol. 2023;14(1):4-14

cific enolase, carcinoembryonic antigen, and hydroxyin-
dole acetic acid evaluation in patients with neuroendo-
crine tumors. Cancer. 1999;86(5):858-865.

13. Li L, Dong M, Wang XG. The Implication and Signifi-
cance of Beta 2 Microglobulin: A Conservative Multifunc-
tional Regulator. Chin Med J (Engl). 2016;129(4):448-
455.

14. Palmqvist R, Engaras B, Lindmark G, Hallmans G, Tave-
lin B, Nilsson O, Hammarstrom S, et al. Prediagnostic 
levels of carcinoembryonic antigen and CA 242 in colo-
rectal cancer: a matched case-control study. Dis Colon 
Rectum. 2003;46(11):1538-1544.

15. Locker GY, Hamilton S, Harris J, Jessup JM, Kemeny 
N, Macdonald JS, Somerfield MR, et al. ASCO 2006 up-
date of recommendations for the use of tumor markers in 
gastrointestinal cancer. J Clin Oncol. 2006;24(33):5313-
5327.

16. Becerra AZ, Probst CP, Tejani MA, Aquina CT, Gonzalez 
MG, Hensley BJ, Noyes K, et al. Evaluating the prognos-
tic role of elevated preoperative carcinoembryonic antigen 
levels in colon cancer patients: results from the national 
cancer database. Ann Surg Oncol. 2016;23(5):1554-1561.

17. Nicholson BD, Shinkins B, Pathiraja I, Roberts NW, 
James TJ, Mallett S, Perera R, et al. Blood CEA levels for 
detecting recurrent colorectal cancer. Cochrane Database 
Syst Rev. 2015;2015(12):CD011134.

18. Galli C, Basso D, Plebani M. CA 19-9: handle with care. 
Clin Chem Lab Med. 2013;51(7):1369-1383.

19. Kim S, Park BK, Seo JH, Choi J, Choi JW, Lee CK, 
Chung JB, et al. Carbohydrate antigen 19-9 elevation 
without evidence of malignant or pancreatobiliary dis-
eases. Sci Rep. 2020;10(1):8820.

20. Kim JE, Lee KT, Lee JK, Paik SW, Rhee JC, Choi KW. 
Clinical usefulness of carbohydrate antigen 19-9 as a 
screening test for pancreatic cancer in an asymptomatic 
population. J Gastroenterol Hepatol. 2004;19(2):182-
186.

21. Kilic M, Gocmen E, Tez M, Ertan T, Keskek M, Koc 
M. Value of preoperative serum CA 19-9 levels in pre-
dicting resectability for pancreatic cancer. Can J Surg. 
2006;49(4):241-244.

22. Schlieman MG, Ho HS, Bold RJ. Utility of tumor mark-
ers in determining resectability of pancreatic cancer. Arch 
Surg. 2003;138(9):951-955; discussion 955-956.

23. Ferrone CR, Finkelstein DM, Thayer SP, Muzikansky 
A, Fernandez-delCastillo C, Warshaw AL. Perioperative 
CA19-9 levels can predict stage and survival in patients 
with resectable pancreatic adenocarcinoma. J Clin Oncol. 
2006;24(18):2897-2902.

24. Bergquist JR, Puig CA, Shubert CR, Groeschl RT, Haber-
mann EB, Kendrick ML, Nagorney DM, et al. Carbohy-
drate antigen 19-9 elevation in anatomically resectable, 
early stage pancreatic cancer is independently associated 
with decreased overall survival and an indication for neo-
adjuvant therapy: a national cancer database study. J Am 
Coll Surg. 2016;223(1):52-65.

25. Berger AC, Garcia M, Jr., Hoffman JP, Regine WF, 
Abrams RA, Safran H, Konski A, et al. Postresection 
CA 19-9 predicts overall survival in patients with pan-

creatic cancer treated with adjuvant chemoradiation: a 
prospective validation by RTOG 9704. J Clin Oncol. 
2008;26(36):5918-5922.

26. Azizian A, Ruhlmann F, Krause T, Bernhardt M, Jo P, Ko-
nig A, Kleiss M, et al. CA19-9 for detecting recurrence of 
pancreatic cancer. Sci Rep. 2020;10(1):1332.

27. Zhao YJ, Ju Q, Li GC. Tumor markers for hepatocellular 
carcinoma. Mol Clin Oncol. 2013;1(4):593-598.

28. Frenette CT, Isaacson AJ, Bargellini I, Saab S, Singal 
AG. A practical guideline for hepatocellular carcinoma 
screening in patients at risk. Mayo Clin Proc Innov Qual 
Outcomes. 2019;3(3):302-310.

29. Heimbach JK, Kulik LM, Finn RS, Sirlin CB, Abecassis 
MM, Roberts LR, Zhu AX, et al. AASLD guidelines for 
the treatment of hepatocellular carcinoma. Hepatology. 
2018;67(1):358-380.

30. Chan MY, She WH, Dai WC, Tsang SHY, Chok KSH, 
Chan ACY, Fung J, et al. Prognostic value of preoperative 
alpha-fetoprotein (AFP) level in patients receiving cura-
tive hepatectomy- an analysis of 1,182 patients in Hong 
Kong. Transl Gastroenterol Hepatol. 2019;4:52.

31. Bai DS, Zhang C, Chen P, Jin SJ, Jiang GQ. The prognos-
tic correlation of AFP level at diagnosis with pathological 
grade, progression, and survival of patients with hepato-
cellular carcinoma. Sci Rep. 2017;7(1):12870.

32. He C, Peng W, Liu X, Li C, Li X, Wen TF. Post-treatment 
alpha-fetoprotein response predicts prognosis of patients 
with hepatocellular carcinoma: A meta-analysis. Medi-
cine (Baltimore). 2019;98(31):e16557.

33. Merlo S, Besic N, Drmota E, Kovacevic N. Preopera-
tive serum CA-125 level as a predictor for the extent of 
cytoreduction in patients with advanced stage epithelial 
ovarian cancer. Radiol Oncol. 2021;55(3):341-346.

34. Bozkurt M, Yumru AE, Aral I. Evaluation of the impor-
tance of the serum levels of CA-125, CA15-3, CA-19-9, 
carcinoembryonic antigen and alpha fetoprotein for dis-
tinguishing benign and malignant adnexal masses and 
contribution of different test combinations to diagnostic 
accuracy. Eur J Gynaecol Oncol. 2013;34(6):540-544.

35. Munkarah A, Chatterjee M, Tainsky MA. Update on 
ovarian cancer screening. Curr Opin Obstet Gynecol. 
2007;19(1):22-26.

36. Hogdall EV, Christensen L, Kjaer SK, Blaakaer J, 
Kjaerbye-Thygesen A, Gayther S, Jacobs IJ, et al. CA125 
expression pattern, prognosis and correlation with se-
rum CA125 in ovarian tumor patients. From The Dan-
ish "MALOVA" Ovarian Cancer Study. Gynecol Oncol. 
2007;104(3):508-515.

37. Menon U, Gentry-Maharaj A, Burnell M, Singh N, Ryan 
A, Karpinskyj C, Carlino G, et al. Ovarian cancer popu-
lation screening and mortality after long-term follow-up 
in the UK Collaborative Trial of Ovarian Cancer Screen-
ing (UKCTOCS): a randomised controlled trial. Lancet. 
2021;397(10290):2182-2193.

38. van Dalen A, Favier J, Burges A, Hasholzner U, de Bruijn 
HW, Dobler-Girdziunaite D, Dombi VH, et al. Prognostic 
significance of CA 125 and TPS levels after 3 chemother-
apy courses in ovarian cancer patients. Gynecol Oncol. 
2000;79(3):444-450.



Articles © The authors   |   Journal compilation © World J Oncol and Elmer Press Inc™   |   www.wjon.org 13

Desai et al World J Oncol. 2023;14(1):4-14

39. Gadducci A, Zola P, Landoni F, Maggino T, Sartori E, 
Bergamino T, Cristofani R. Serum half-life of CA 125 
during early chemotherapy as an independent prognos-
tic variable for patients with advanced epithelial ovarian 
cancer: results of a multicentric Italian study. Gynecol 
Oncol. 1995;58(1):42-47.

40. Rustin GJ, Nelstrop AE, Tuxen MK, Lambert HE. De-
fining progression of ovarian carcinoma during follow-
up according to CA 125: a North Thames Ovary Group 
Study. Ann Oncol. 1996;7(4):361-364.

41. Nicolini A, Tartarelli G, Carpi A, Metelli MR, Ferrari 
P, Anselmi L, Conte M, et al. Intensive post-operative 
follow-up of breast cancer patients with tumour mark-
ers: CEA, TPA or CA15.3 vs MCA and MCA-CA15.3 vs 
CEA-TPA-CA15.3 panel in the early detection of distant 
metastases. BMC Cancer. 2006;6:269.

42. Harris L, Fritsche H, Mennel R, Norton L, Ravdin P, 
Taube S, Somerfield MR, et al. American Society of 
Clinical Oncology 2007 update of recommendations for 
the use of tumor markers in breast cancer. J Clin Oncol. 
2007;25(33):5287-5312.

43. Chan DW, Beveridge RA, Muss H, Fritsche HA, Horto-
bagyi G, Theriault R, Kiang D, et al. Use of Truquant BR 
radioimmunoassay for early detection of breast cancer 
recurrence in patients with stage II and stage III disease. 
J Clin Oncol. 1997;15(6):2322-2328.

44. Lokant MT, Naz RK. Presence of PSA auto-antibodies 
in men with prostate abnormalities (prostate cancer/
benign prostatic hyperplasia/prostatitis). Andrologia. 
2015;47(3):328-332.

45. Abdalla I, Ray P, Ray V, Vaida F, Vijayakumar S. Com-
parison of serum prostate-specific antigen levels and PSA 
density in African-American, white, and Hispanic men 
without prostate cancer. Urology. 1998;51(2):300-305.

46. Vijayakumar S, Winter K, Sause W, Gallagher MJ, Michal-
ski J, Roach M, Porter A, et al. Prostate-specific antigen 
levels are higher in African-American than in white pa-
tients in a multicenter registration study: results of RTOG 
94-12. Int J Radiat Oncol Biol Phys. 1998;40(1):17-25.

47. U. S. Preventive Services Task Force, Grossman DC, 
Curry SJ, Owens DK, Bibbins-Domingo K, Caughey 
AB, Davidson KW, et al. Screening for prostate cancer: 
US preventive services task force recommendation state-
ment. JAMA. 2018;319(18):1901-1913.

48. Powell IJ, Bock CH, Ruterbusch JJ, Sakr W. Evidence 
supports a faster growth rate and/or earlier transforma-
tion to clinically significant prostate cancer in black than 
in white American men, and influences racial progression 
and mortality disparity. J Urol. 2010;183(5):1792-1796.

49. Andriole GL, Crawford ED, Grubb RL, 3rd, Buys SS, 
Chia D, Church TR, Fouad MN, et al. Prostate cancer 
screening in the randomized Prostate, Lung, Colorec-
tal, and Ovarian Cancer Screening Trial: mortality re-
sults after 13 years of follow-up. J Natl Cancer Inst. 
2012;104(2):125-132.

50. Pinsky PF, Parnes HL, Andriole G. Mortality and compli-
cations after prostate biopsy in the Prostate, Lung, Colo-
rectal and Ovarian Cancer Screening (PLCO) trial. BJU 
Int. 2014;113(2):254-259.

51. Mohler JL, Antonarakis ES, Armstrong AJ, D'Amico AV, 
Davis BJ, Dorff T, Eastham JA, et al. Prostate cancer, Ver-
sion 2.2019, NCCN clinical practice guidelines in oncol-
ogy. J Natl Compr Canc Netw. 2019;17(5):479-505.

52. Pound CR, Partin AW, Eisenberger MA, Chan DW, Pear-
son JD, Walsh PC. Natural history of progression after 
PSA elevation following radical prostatectomy. JAMA. 
1999;281(17):1591-1597.

53. Markowski MC, Chen Y, Feng Z, Cullen J, Trock BJ, Su-
zman D, Antonarakis ES, et al. PSA doubling time and 
absolute PSA predict metastasis-free survival in men with 
biochemically recurrent prostate cancer after radical pros-
tatectomy. Clin Genitourin Cancer. 2019;17(6):470-475.
e471.

54. Consensus statement: guidelines for PSA following radi-
ation therapy. American Society for therapeutic radiology 
and oncology consensus panel. Int J Radiat Oncol Biol 
Phys. 1997;37(5):1035-1041.

55. Gilligan TD, Seidenfeld J, Basch EM, Einhorn LH, 
Fancher T, Smith DC, Stephenson AJ, et al. American So-
ciety of Clinical Oncology Clinical Practice Guideline on 
uses of serum tumor markers in adult males with germ 
cell tumors. J Clin Oncol. 2010;28(20):3388-3404.

56. Amin MB, Greene FL, Edge SB, Compton CC, Gersh-
enwald JE, Brookland RK, Meyer L, et al. The Eighth 
Edition AJCC Cancer Staging Manual: Continuing to 
build a bridge from a population-based to a more "per-
sonalized" approach to cancer staging. CA Cancer J Clin. 
2017;67(2):93-99.

57. Gilligan T, Lin DW, Aggarwal R, Chism D, Cost N, Der-
weesh IH, Emamekhoo H, et al. Testicular cancer, Ver-
sion 2.2020, NCCN clinical practice guidelines in oncol-
ogy. J Natl Compr Canc Netw. 2019;17(12):1529-1554.

58. Fizazi K, Pagliaro L, Laplanche A, Flechon A, Mardiak J, 
Geoffrois L, Kerbrat P, et al. Personalised chemotherapy 
based on tumour marker decline in poor prognosis germ-
cell tumours (GETUG 13): a phase 3, multicentre, ran-
domised trial. Lancet Oncol. 2014;15(13):1442-1450.

59. International Germ Cell Consensus Classification: a 
prognostic factor-based staging system for metastatic 
germ cell cancers. International Germ Cell Cancer Col-
laborative Group. J Clin Oncol. 1997;15(2):594-603.

60. Haugen BR, Alexander EK, Bible KC, Doherty GM, 
Mandel SJ, Nikiforov YE, Pacini F, et al. 2015 Ameri-
can Thyroid Association management guidelines for adult 
patients with thyroid nodules and differentiated thyroid 
cancer: the American Thyroid Association guidelines task 
force on thyroid nodules and differentiated thyroid can-
cer. Thyroid. 2016;26(1):1-133.

61. Haddad RI, Nasr C, Bischoff L, Busaidy NL, Byrd D, 
Callender G, Dickson P, et al. NCCN Guidelines Insights: 
Thyroid Carcinoma, Version 2.2018. J Natl Compr Canc 
Netw. 2018;16(12):1429-1440.

62. Piccardo A, Arecco F, Puntoni M, Foppiani L, Cabria M, 
Corvisieri S, Arlandini A, et al. Focus on high-risk DTC 
patients: high postoperative serum thyroglobulin level is 
a strong predictor of disease persistence and is associated 
to progression-free survival and overall survival. Clin 
Nucl Med. 2013;38(1):18-24.



Articles © The authors   |   Journal compilation © World J Oncol and Elmer Press Inc™   |   www.wjon.org14

Cancer Markers World J Oncol. 2023;14(1):4-14

63. Wells SA, Jr., Asa SL, Dralle H, Elisei R, Evans DB, 
Gagel RF, Lee N, et al. Revised American Thyroid As-
sociation guidelines for the management of medullary 
thyroid carcinoma. Thyroid. 2015;25(6):567-610.

64. Barbet J, Campion L, Kraeber-Bodere F, Chatal JF, GTE 
Study Group. Prognostic impact of serum calcitonin and 
carcinoembryonic antigen doubling-times in patients with 
medullary thyroid carcinoma. J Clin Endocrinol Metab. 
2005;90(11):6077-6084.

65. Swetter SM, Thompson JA, Albertini MR, Barker CA, 
Baumgartner J, Boland G, Chmielowski B, et al. NCCN 
Guidelines(R) Insights: Melanoma: Cutaneous, Version 
2.2021. J Natl Compr Canc Netw. 2021;19(4):364-376.

66. Weide B, Elsasser M, Buttner P, Pflugfelder A, Leiter U, 
Eigentler TK, Bauer J, et al. Serum markers lactate de-
hydrogenase and S100B predict independently disease 
outcome in melanoma patients with distant metastasis. 
Br J Cancer. 2012;107(3):422-428.

67. Ruppert AS, Dixon JG, Salles G, Wall A, Cunningham 
D, Poeschel V, Haioun C, et al. International prognostic 
indices in diffuse large B-cell lymphoma: a comparison 
of IPI, R-IPI, and NCCN-IPI. Blood. 2020;135(23):2041-
2048.

68. Hoster E, Dreyling M, Klapper W, Gisselbrecht C, van 
Hoof A, Kluin-Nelemans HC, Pfreundschuh M, et al. A 
new prognostic index (MIPI) for patients with advanced-
stage mantle cell lymphoma. Blood. 2008;111(2):558-
565.

69. Shah MH, Goldner WS, Benson AB, Bergsland E, Blasz-
kowsky LS, Brock P, Chan J, et al. Neuroendocrine and 
adrenal tumors, Version 2.2021, NCCN clinical prac-
tice guidelines in oncology. J Natl Compr Canc Netw. 
2021;19(7):839-868.

70. Ewang-Emukowhate M, Nair D, Caplin M. The role of 
5-hydroxyindoleacetic acid in neuroendocrine tumors: 
the journey so far. International Journal of Endocrine On-
cology, 2019;6(2):IJE17-IJE17.

71. Joish VN, Shah S, Tierce JC, Patel D, McKee C, Lapu-
erta P, Zacks J. Serotonin levels and 1-year mortality in 
patients with neuroendocrine tumors: a systematic review 
and meta-analysis. Future Oncol. 2019;15(12):1397-
1406.

72. Buchanan-Hughes A, Pashley A, Feuilly M, Marteau F, 
Pritchard DM, Singh S. Carcinoid heart disease: prognos-
tic value of 5-hydroxyindoleacetic acid levels and impact 
on survival: a systematic literature review. Neuroendocri-
nology. 2021;111(1-2):1-15.

73. Palumbo A, Avet-Loiseau H, Oliva S, Lokhorst HM, 
Goldschmidt H, Rosinol L, Richardson P, et al. Revised 
International Staging System for Multiple Myeloma: A 
Report From International Myeloma Working Group. 
J Clin Oncol. 2015;33(26):2863-2869.

74. International CLL-IPI working group. An international 
prognostic index for patients with chronic lymphocytic 
leukaemia (CLL-IPI): a meta-analysis of individual pa-
tient data. Lancet Oncol. 2016;17(6):779-790.


