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Abstract
Objectives: Tumour markers provide insights into the course of disease and response to therapy in carci-
noma patients, allowing physicians to determine changes in marker levels during disease. We aimed to eva-
luate the value of newly produced CA 19-9 levels in determining the response to treatment and prognosis 
in patients with pancreatic adenocarcinoma.  

Methods: In a patient with pancreatic carcinoma, remnant CA 19-9 levels were determined by calculating 
the amount of biological decay of half-life-dependent CA 19-9. The amount of newly produced CA 19-9 was 
determined by subtracting the remnant CA 19-9 concentration from the actual CA 19-9 concentration. 

Results: The calculated levels of newly produced and remnant CA 19-9 varied according to the sampling 
frequency and biological half-life of the tumor marker. Throughout the disease, the shape and gradient of 
the curve for the level of newly produced CA 19-9 were shifted compared with those for the actual measu-
red serum levels. 

Conclusions: The level of newly produced CA 19-9 significantly differs from the actual measured serum le-
vels. The amount of newly produced CA 19-9 provides a more realistic and accurate indication of the effects 
of treatment and prognosis throughout the course of disease.  
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Introduction

 Tumour markers provide insight into the course of disease, response to therapy, and prognosis of 
patients with pancreatic adenocarcinoma, allowing physicians to determine marker level changes during 
disease. CA 19-9 (carbohydrate antigen sialyl Lewis A) is currently the only tumor marker approved by 
the United States Food and Drug Administration [1] for pancreatic cancer and is also considered to be the 
most clinically useful biomarker for the early detection and surveillance of pancreatic cancer by the Na-
tional Comprehensive Cancer Network [2]. Therefore, this tumor marker is used as a reliable indicator of 
response to chemotherapy, time to tumor development, prognosis, and overall survival. It is currently the 
most extensively studied and, thus, the gold standard biomarker for the diagnosis of pancreatic cancer in 
symptomatic patients [3-8]. Elevated serum CA 19-9 levels are suggestive of pancreatic cancer recurrence, 
whereas decreased levels may predict favorable outcomes in patients treated for advanced pancreatic car-
cinoma [9-13]. According to the current guidelines of the American Society of Clinical Oncology, routine 
testing for this biomarker alone is not recommended for monitoring response to treatment [14,15]. Its pre-
dictive role is unclear, and there is no agreement about the extent of clinically relevant decrease or increase 
in CA 19-9 levels [16,17]. Serum CA 19-9 levels are usually measured during surveillance to detect cancer 
progression. These measurements are cost-effective and often show a lead time of several weeks to imaging 
in determining cancer prognosis [10,18]. Conventional follow-up curves generally present the biomarker 
levels determined in serial blood samples using commercially available test kits from several providers. 
The test result is used as a reference for interpreting the patient’s status and response to therapy. However, 
the values determined from the samples represent a mixed concentration of both remnant biomarkers in 
the foregoing samples that have not been entirely eliminated from the blood and new incoming biomar-
kers delivered from the tumor, resulting in an inaccurate representation of the determined tumor marker 
concentrations. 

 Additionally, the remnant concentrations are correlated with their biological half-lives and the fre-
quency of blood draws. Hence, the not-yet decayed CA 19-9 glycoproteins must be considered when mea-
suring CA 19-9 levels in blood samples. 

 Tumor markers can be released by active secretion, passive shedding from the vital cell surface, or 
after a necrotic process due to therapy. Necrosis, especially after therapy, can lead to significantly increased 
CA 19-9 concentrations from the tissue, resulting in an overload in receiving blood vessels. This could 
mask the possibly reduced, effectively delivered marker concentration as a result of therapy. Therefore, in 
conventional follow-up, the measured CA 19-9 levels may include contributions that are inconsistent with 
the actual newly produced biomarker levels. Such false values can lead to diagnostic misinterpretation and 
fatal mistakes in prognosis and therapy. The amount of newly produced CA 19-9 (NP) can be derived from 
the actual measured levels in blood draws by a mathematical method. The resulting value represents the 
amount of NP at each blood draw and is thought to be a crucial indicator of response, therapy control, and 
prognosis. 

 The aim of our study was to introduce and propose a more distinct analysis of the specific tumor 
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marker release during follow-up throughout therapy. We determined the effective, present CA 19-9 influx 
concentrations using calculations derived from the results of serial sampling with respect to the biological 
half-life of CA 19-9 in the peripheral blood. This innovative approach may lead to the emergence of a more 
accurate marker level follow-up curve, enabling a more precise interpretation of treatment effects and pro-
gnosis by revealing the concentration of NP. 

 We used the clinical data of a patient with pancreatic carcinoma to provide a theoretical base for 
understanding the influence of tumor marker biological half-life as well as the frequency and timing of 
blood draws. Herein, we describe a new approach for constructing a more reliable tumor marker follow-up 
curve of a necrosis based tumor marker to improve prognostic judgment during follow-up. We performed 
the calculation using an in-house model with assumed constraints.  

Materials and Methods

 Our study refers to the data of an individual case report. Estimation of the treatment result was 
performed by calculating the NP concentration without prior inherited “waste” concentrations. According 
to the literature [7,18-22] the biological half-life of CA 19-9 was assumed to be 4-8 days to calculate its 
biological decay. The amount of decay and NP levels were computed from the resulting values of each CA 
19-9 probe by subtracting the calculated amount of biological decay of the previously determined CA 19-9 
serum levels from the actual determined CA 19-9 concentrations. 

 Serum CA 19-9 levels were determined using blood sample from a 71-year-old male patient with 
pancreatic adenocarcinoma (stage IV; Eastern Cooperative Oncology Group Performance Status of 1; no 
cholestasis; levels of bilirubin and liver enzymes alanine transaminase and aspartate transaminase wi-
thin normal range) treated with 12 cycles of FOLFIRINOX [23,24] every 2 weeks. All data were acquired 
using electrochemical luminescence immunoassay with Elecsys CA 19-9 reagents and cobas e 801 devices 
(Roche Diagnostics, Mannheim, Germany). In addition to blood draws and medical check-ups at every cycle, 
surveillance Computed Tomography (CT) and Magnetic Resonance Imaging (MRI) were performed every 2 
months. 

 Assuming monophasic decay, the biological half-life was calculated using the following formula: 

     SL(t) = SL(t0) e-(ln2/t(1/2))∙t

 where SL(t) represents the calculated serum level at time t, SL(t0) is the measured serum level at 
the time of blood draw, and t(1/2) represents the half-life for biological decay [25].

 Biphasic decay is cited for CA 19-9 in lung cancer, with an average biological half-life of 0.5 days in 
the first phase and 4.3 days in the second phase [26]. If blood is drawn weekly, the calculated amount of 
remnant CA 19-9 in the first phase is only 0.6% and thus, can be disregarded. Therefore, monophasic bio-
logical decay is assumed for simplicity.

 With each blood draw, the amount of monophasic decay load (DL) is calculated by the sum of the 
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Figure 1: Consecutive fictive blood sample through-
out the biological half-life of a glycoprotein (7 days). 
Probes 2-4 contain an amount of not-yet decayed 
glycoprotein from earlier samples. The amounts in 
U/ml for measured level (ML), calculated decay load 
(DL), and calculated newly produced CA 19-9 (NP) are 
shown in the corresponding boxes. The DL is the sum 
of decayed glycoproteins calculated at the time of the 
actual blood sample. For probe 4, DL = 12.5 U/ml + 
37.5 U/ml + 100 U/ml = 150 U/ml. The NP is derived 
by computing the actual ML minus DL. In the case of 
probe 4, the NP = 400 U/ml – 150 U/ml = 250 U/ml. 

contributions from the initial measurements at time t(0) until the current measurement at time t. As an 
example, in Figure 1, if four assumed values of fictive blood samples are taken in periods of the biological 
half-life of CA 19-9, even the fourth blood sample will contain an amount of not-yet decayed CA 19-9 from 
the first sample. From Figure 1, the DL at the fourth sample is 12.5 U/ml + 37.5 U/ml + 100 U/ml = 150 U/
ml. The amount of NP can be derived by computing the actual measured level in the serum (ML) minus the 
DL. From Figure 1, the amount of NP is 400 U/ml – 150 U/ml = 250 U/ml.

Results 

 Using an assumed biological half-life of 6 days for CA 19-9, the calculated levels of NP showed detec-
table amounts of biological decay in blood tests for several weeks (Figure 2a-c), which were superposed by 
the decay from previous probes depending on the sample intervals. For example, when only a few samples 
were taken (i.e., in the beginning, middle, and end of therapy), the decay levels were not superposed by the 
new levels (Figure 2a). When samples were taken at intervals of approximately 3 weeks, a slight superposi-
tion of decay levels was observed (Figure 2b). Finally, when samples were taken at intervals of 1 or 2 weeks, 
a distinct superposition of decay amounts was visible (Figure 2c). 

Figure 2: Calculated amounts of newly produced and biolog-
ically decayed CA 19-9 with an assumed biological half-life of 
6 days during chemotherapy (first cycle at week 3, last cycle 
at week 26). The vertical lines are drawn to guide the eyes. 
With decreasing time between samples, the superposition 
of decay amounts increases. a) Samples at the beginning, 
middle, and end of therapy show no superposition of decay 
amounts. b) Samples taken at intervals of approximately 
3 weeks show a slight superposition of decay amounts. c) 
Samples taken at intervals of 1 or 2 weeks show a distinct 
superposition of decay amounts. 
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Figure 3: Measured levels in the serum (dashed line), 
calculated newly produced (solid line), and calculated 
biologically decayed (dotted line) CA 19-9 with an as-
sumed biological half-life of 6 days during chemothera-
py (first cycle at week 3, last cycle at week 26).  
a) Samples at the beginning, middle, and end of therapy. 
b) Samples taken at intervals of approximately 3 weeks. 
c) Samples taken at intervals of 1 or 2 weeks. The inac-
curacy of measured and computed values is represent-
ed as percentages by the error bar.  

Figure 4: Measured levels in the serum (dashed line), 
calculated newly produced (solid line), and biologically 
decayed (dotted line) CA 19-9 with an assumed biologi-
cal halflife of 4 (a), 6 (b), and 8 (c) days during chemo-
therapy (first cycle at week 3, last cycle at week 26). The 
inaccuracy of measured and computed values is repre-
sented as percentages by the error bar.  

 Using a biological half-life of 6 days, the ML, DL, and NP were plotted against time (Figure 3a-c). 
When only a few samples were taken (i.e., in the beginning, middle, and end of therapy), no remarkable 
difference between the ML and NP values was observed, as the amount of biological decay from the first 
and second samples was zero (Figure 3a). When samples were taken at intervals of approximately 3 weeks, 
a slight difference between the ML and NP was observed owing to the superposition of small amounts of 
decay (Figure 3b). In contrast, when samples were taken at intervals of 1 or 2 weeks, a distinct difference 
between the ML and NP was observed owing to a significant superposition of decay amounts (Figure 3c). 

 To analyze the effect of varying the assumed biological half-life, the ML, NP, and DL were plotted 
against time using a half-life of 4, 6, and 8 days (Figure 4a-c). The decrease in the NP significantly differed 
from those of the ML values. As the assumed biological half-life was increased, the difference between the 
ML and NP values became more pronounced. 

Discussion 

 To the best of our knowledge, no previous study has evaluated biological decay in measurements of 
serum CA 19-9 levels. The current study, based on an individual case, provides several key takeaways. First, 
the level of newly produced CA 19-9 shows detectable biological decay for several weeks in serial blood 
sampling. Second, when blood samples are taken at long intervals compared to the biological half-life of the 
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tumor marker, rapid changes in serum levels between the tests will not be visible, resulting in a misunders-
tanding of the changes in tumor activity. However, the calculation of the actual continuous decay and new 
production is the same because the comparison is made based on measurements taken with a long time 
interval between them. 

 Thus, the amount of decay from the first probe would have already diminished by the time of the 
next blood sample, and no information regarding the serum levels between these two time points exists. 

 We also found that when the time between samples approaches the assumed biological half-life of 
the tumor marker, differences between the measured serum levels and corresponding calculated amounts 
of NP can be observed. Moreover, when samples are taken at an interval of approximately 3 weeks (assu-
med CA 19-9 biological half-life of 6 days), a slight difference between the ML and their corresponding 
calculated levels of new production is observed owing to the superposition of small decay amounts. When 
samples are taken in intervals of 1 or 2 weeks (assumed CA 19-9 biological half-life of 6 days), a distinct 
difference between values is observed owing to the superposition of decay amounts. This difference varies 
according to the biological half-lives of 4, 6, and 8 days because the DL increases with half-life. Thus, in-
creasing the assumed biological half-life leads to an increase in the difference between measured levels and 
the corresponding calculated amounts of new production. Additionally, in these conditions with increasing 
MLs at the beginning of the time course, the influx curve of NP initially follows that of MLs. At the peak 
around week 8, the amount of NP is smaller than the ML. With decreasing MLs in the time course directly 
behind the peak, the shape of the curve for NP becomes sharper and is shifted downwards, with a rapid 
decline of NP levels compared with the measured CA 19-9 levels (Figure 4). This is significant as the decline 
in the slope is considered to be an important indicator of therapy response [12,18,27-34]. A pronounced 
peak can be interpreted as a consequence of tumor necrosis as a toxic effect of chemotherapy [35,38]. With 
decreasing amounts of measured and newly produced levels toward the end of the time course, the diffe-
rence between the ML and NP becomes smaller, as the contribution of DL is less pronounced with smaller 
amounts of measured CA 19-9 levels.  

 Overall, our study demonstrates that by subtracting the half-life-dependent, remnant marker 
concentration of the prior samples from the present CA 19-9 concentration, only an estimate of the NP 
concentration can be made. An interval of 1 or 2 weeks between samples can improve the prognostic judg-
ment during follow-up visits. The kinetics (shape and gradient) of the new CA 19-9 curve enables clinicians 
to determine the tumor’s response to chemotherapy. 

 CA 19-9 in pancreatic cancer tissue is mostly found on the luminal cell surface and in the luminal 
content of the glandular structure [39]. In tumor-free pancreatic tissue adjacent to the tumor, CA 19-9 is 
detected almost exclusively in the cells of large- and medium-sized ducts [39]. Moreover, cancer cells, es-
pecially those of adenocarcinoma, express aberrant forms or amounts of mucins [40]. The mucins MUC1, 
MUC5AC, and MUC16 are major cancer-associated carriers of the CA 19-9 antigen in the blood [41]. Be-
cause CA 19-9-bearing mucins are pancreatic secretion exocrine products, they are thought to accumulate 
in the blood of patients with pancreatic cancer after shedding from pancreatic cells [42,43]. CA 19-9 is also 
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released into the peripheral blood via the lymphatic system through the disruption of the cell membrane. 
This may be induced by necrosis or apoptosis resulting from therapy. Necrosis is usually rapid, [44] re-
quiring only hours or a few days until the membrane is disrupted, and all contents have left the cell. The 
release of CA 19-9 mucin carrier complexes into the blood depends on the speed of lymphatic flow45 and 
is estimated to require 1 or 2 days. Finally, the decomposition of CA 19-9 takes place via hepatic clearance 
and biliary secretion [19,20].

 The time for total elimination of CA 19-9 due to hepatic function has not yet been published, but 
it can be estimated from the results of complete surgery in biliopancreatic malignancies. Consequently, 
concentration normalization is reached within 2-4 weeks [46]. From this, we can estimate that within 3 
weeks, the patient’s concentration of CA 19-9 dropped to 2.6%, 8.8%, and 16.2% with assumed biological 
half-lives of 4, 6, and 8 days, respectively. 

 The biological half-life of residual CA 19-9 in consecutive blood samples is considered to have the 
greatest ability to distort test results. Thus, the MLs of CA 19-9 that do not account for remnant concentra-
tions do not represent reliable results if they are contaminated with the waste of not-yet decayed glycopro-
teins. One study showed apparent CA 19-9 half-lives of 9, 16, 88, and 89 days [47]. The authors, however, 
made a calculation in a system that received consecutive CA 19-9 from the tumor. They calculated the time 
until half of the CA 19-9 concentration could be detected within the serial sampling. Throughout this pro-
cess, the biological halflife of CA 19-9 in serum was affected, and their claim that the half-lives were 9, 16, 
88, and 89 days [47] must be interpreted as being “based on a misconception.”  

 No consensus has yet been reached regarding the test frequency or magnitude or the kinetics of 
change that are likely to be significant, and over what period such a change must be maintained to be signi-
ficant [15,22]. This is due to limited knowledge on the half-life of CA 19-9, among other reasons [15]. 

 Our approach is limited to tumor markers with half-lives >4 days. Some authors propose that blood 
samples for CA 19-9 should be drawn in intervals of 2 or 3 weeks [12,32]. In this case, the sample frequency 
is in tight control at the scale of the half-life of biological decay where the decay of CA 19-9 must be consi-
dered. Tumor markers with short half-lives of a few hours, such as CYFRA, are irrelevant in the presented 
case.

 In the presented case, surveillance CT and MRI showed a mixed response in the middle and regres-
sion at the end of chemotherapy. Per other studies on the kinetics of tumor markers [10,18] and changes in 
CA 19-9 serum levels, the present study provides a technique to find an improved lead time preceding the 
findings of CT and MRI scans by several months. This improvement is important for therapy planning as it 
serves as a prognostic factor to predict treatment efficacy and the risk of relapse or progression earlier than 
imaging results. Nevertheless, with respect to its ability to detect and stage pancreatic cancer, we support 
the recommendations of official guidelines to perform CT and MRI for evaluating the outcome of therapy 
[14]. Contrast-Enhanced Computed Tomography (CECT) is regarded as the standard diagnostic method for 
pancreatic cancer owing to its effectiveness and availability. However, CECT and Contrast-Enhanced Ma-
gnetic Resonance (CEMR) are restricted to morphological imaging of tissues. Imaging by 18F-fluorodeoxy-
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glucose (18F-FDG) Positron Emission Tomography (PET) and CT provides direct additional metabolic and 
morphological information (PET/CT), which improves the diagnostic efficacy. 

 Huang et al. [48] retrospectively evaluated a relatively large group of cases with suspected pan-
creatic lesions examined by PET/CT, CECT, CEMR, and CA 19-9. They compared not only the independent 
diagnostic value of 18F-FDG PET/CT, CA 19-9, CECT, and CEMR imaging but also the diagnostic efficacy 
of different combined tests. Their results indicate that 18F-FDG PET/CT performs better than the other 
three tests in the diagnosis of pancreatic lesions, especially in terms of specificity and accuracy. Moreover, 
the joint application of PET/CT with other methods could enhance diagnostic efficiency. Determination of 
CA 19-9 levels, a more convenient and cheaper blood examination, could significantly improve diagnostic 
efficiency when combined with imaging modalities, particularly PET/CT [48]. Although the abovementio-
ned imaging methods refer directly to the investigated tissue, CA 19-9 serum determinations refer to the 
indirectly obtained tumor-induced metabolic information by the detection of CA 19-9 in the serum. This is 
a remarkably different approach, including an additional complex biological step: the biomarker migrates 
through the lymphatic route to the blood vessels after being released from the tumor. Thereafter, the bio-
marker remains in the blood vessels according to its biological half-life. This can lead to an accumulation 
of remnant biomarker in the blood, which is determined in a conventional test, together with newly pro-
duced biomarker coming from the tumor site. Conventional biomarker determinations during follow-up 
do not consider this, and accordingly, such measurements might be less specific for changes in the status of 
the tumor vitality during treatment. The elimination method illustrated in this manuscript eliminates this 
disadvantage. The aim of this study was to present the idea of calculating only the newly produced tumor 
marker levels achieved by a novel method of patient follow-up. As the data are mainly descriptive and limi-
ted to a calculated and constructed model for sequentially taken blood samples from a single case report, 
confirmation using a large cohort and other biomarkers is warranted. When the accuracy of this method is 
confirmed, the present guidelines should be revised.  

Acknowledgments : We would like to thank Editage (www.editage.com) for English language editing. 

References
1. Product Classification, System: Test, Carbohydrate Antigen (Ca19-9), For Monitoring and Management Of Pancreatic Cancer. 

2. Temporo MA, Malafa MP, Al-Hawary M, Behrman SW, Benson AB, et al. Pancreatic Adenocarcinoma. NCCN Clinical Practice 
Guidelines in Oncology (NCCN Guidelines®) Version 2.2021-February 25, 2021. 

3. Ballehaninna UK, Chamberlain RS. The clinical utility of serum CA 19-9 in the diagnosis, prognosis, and management of pan-
creatic adenocarcinoma: an evidence-based appraisal. J Gastrointest Oncol. 2012; 3: 105-119. 

4. Daamen LA, Groot VP, Heerkens HD, Intven MPW, C van Santvoort H, et al. Systematic review on the role of serum tumor mar-
kers in the detection of recurrent pancreatic cancer. HPB (Oxford). 2018; 20: 297-304. 

5. Lee T, Teng TZH, Shelat VG. Carbohydrate antigen 19-9 - tumor marker: past, present, and future. World J Gastrointest Surg. 
2020; 12: 468-490. 

6. Poruk KE, Gay DZ, Brown K, Mulvihill JD, Boucher KM, et al. The clinical utility of CA 19-9 in pancreatic adenocarcinoma: dia-
gnostic and prognostic updates. Curr Mol Med. 2013; 13: 340-351. 



Page 9

Vol 9: Issue 02: 1967
7. Rückert F, Pilarsky C, Grützmann R. Serum tumor markers in pancreatic cancer-recent discoveries. Cancers (Basel). 2010; 2: 
1107-1124. 

8. Salleh S, Thyagarajan A, Sahu RP. Exploiting the relevance of CA 19-9 in pancreatic cancer. J Cancer Metastasis Treat. 2020; 6: 
31. 

9. Awad S, Alkashash AM, Amin M, Baker SJ, Rose JB, et al. Biochemical predictors of response to neoadjuvant therapy in pancrea-
tic ductal adenocarcinoma. Front Oncol. 2020; 10: 620. 

10. Azizian A, Rühlmann F, Krause T, Bernhardt M, Jo P, et al. CA 19-9 for detecting recurrence of pancreatic cancer. Sci Rep. 2020; 
10: 1332. 

11. Ballehaninna UK, Chamberlain RS. Serum CA 19-9 as a biomarker for pancreatic cancer - A comprehensive review. Indian J 
Surg Oncol. 2011; 2: 88100. 

12. Haas M, Heinemann V, Kullmann F, Laubender RP, Klose C, et al. Prognostic value of CA 19-9, CEA, CRP, LDH and bilirubin 
levels in locally advanced and metastatic pancreatic cancer: results from a multicenter, pooled analysis of patients receiving pal-
liative chemotherapy. J Cancer Res Clin Oncol. 2013; 139: 681-689. 

13. Laurent L, Sefrioui D, Bignon AL, Parzy A, Sidali S, et al. CA19.9 decrease >15% is a predictor of favourable outcome in pa-
tients treated for advanced pancreatic carcinoma: analysis of two independent cohorts. HPB (Oxford). 2019; 21: 582-588. 

14. Balaban EP, Mangu PM, Khorana AA, Shah MA, Mukherjee S, et al. Locally advanced, unresectable pancreatic cancer: Ameri-
can Society of Clinical Oncology Clinical Practice Guideline. J Clin Oncol. 2016; 34: 2654-2668. 

15. Locker GY, Hamilton S, Harris J, Jessup JM, Kemeny N, et al. ASCO 2006 update of recommendations for the use of tumor mar-
kers in gastrointestinal cancer. J Clin Oncol. 2006; 24: 5313-5327. 

16. Dell’Aquila E, Fulgenzi CAM, Minelli A, Citarella F, Stellato M, et al. Prognostic and predictive factors in pancreatic cancer. 
Oncotarget. 2020; 11: 924-941. 

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

18. Lamerz R, Stieber P. Tumormarker [Tumour markers]. Dtsch Med Wochenschr. 2004; 129: 2722-2730. 

19. Hollenrieder P. Stieber S. Carbohydrate antigen. In: Gressner AM, Arndt T, eds. Lexikon der Medizinischen Laboratoriumsdia-
gnostik. Berlin, Heidelberg: Springer. 2013; 298. 

20. Stieber P. Tumormarker in der Diagnostik. In: Hidemann W, Bartram C, eds. Die Onkologie. 2. aktualisierte Auflage, Teil 1, 
Allgemeiner Teil, Springer. 2010; 381-397. 

21. Stieber P, Heinemann V. Sinnvoller Einsatz von Tumormarkern. J Lab Med. 2008; 32: 339-360. 

22. Wolter C, Neumeier D. Tumormarker bei gastrointestinalen Erkrankungen. In: Siewert JR, Rothmund M, Schumpelick V, eds. 
Praxis der viszeralchirurgie: Gastroenterologische Chirurgie. Berlin, Heidelberg: Springer; 2006; 142-152. 

23. Convoy T, Desseigne F, Ychou M, Bouché O, Guimbaud R, et al. FOLFIRINOX versus gemcitabine for metastatic pancreatic can-
cer. N Engl J Med. 2011; 364: 1817-1825. 

24. Vienot A, Chevalier H, Bolognini C, Gherga E, Klajer E, et al. FOLFOXIRI vs FOLFIRINOX as firstline chemotherapy in patients 
with advanced pancreatic cancer: a populationbased cohort study. World J Gastrointest Oncol. 2020; 12: 332-346. 

25. Almufti R, Wilbaux M, Oza A, Henin E, Freyer G, et al. A critical review of the analytical approaches for circulating tumor bio-
marker kinetics during treatment. Ann Oncol. 2014; 25: 41-56. 

26. Yoshimasu T, Maebeya S, Suzuma T, Bessho T, Tanino H, et al. Disappearance curves for tumor markers after resection of in-
trathoracic malignancies. Int J Biol Markers. 1999; 14: 99-105. 

27. Chiorean EG, Von Hoff DD, Reni M, Arena FP, Infante JR, et al. CA19-9 decrease at 8 weeks as a predictor of overall survival 
in a randomized phase III trial (MPACT) of weekly nab-paclitaxel plus gemcitabine versus gemcitabine alone in patients with 



Page 10

Vol 9: Issue 02: 1967
metastatic pancreatic cancer. Ann Oncol. 2016; 27: 654-660. 

28. Duffy MJ, Sturgeon C, Lamerz R, Haglund C, Holubec VL, et al. Tumor markers in pancreatic cancer: a European Groupon Tu-
mor Markers (EGTM) status report. Ann Oncol. 2010; 21: 441-447. 

29. Halm U, Schumann T, Schiefke I, Witzigmann H, Mössner J, et al. Decrease of CA 19–9 during chemotherapy with gemcitabine 
predicts survival time in patients with advanced pancreatic cancer. Br J Cancer. 2000; 82: 1013-1016. 

30. Kang YM, Wang H, Li R, Pan G. Prognostic role of carbohydrate antigen 19 to 9 in predicting survival of patients with pancrea-
tic cancer: a meta-analysis. Technol Cancer Res Treat. 2021; 20: 15330338211043030. 

31. Kim HJ, Lee KW, Kim YJ, Do-youn Oh, Kim JH, et al. Chemotherapy-induced transient CEA and CA19-9 surges in patients with 
metastatic or recurrent gastric cancer. Acta Oncol. 2009; 48: 385-390. 

32. Klapdor R, Bahlo M, Babinski A, Klapdor S. CA19-9 Serum concentrations--analysis of the serum kinetics during first-line 
therapy of pancreatic cancer in relation to overall survival. Anticancer Res. 2010; 30: 1869-1874. 

33. van der Sijde F, Vietsch EE, Mustafa DAM, Besselink MG, Koerkamp BG, et al. Circulating biomarkers for prediction of objective 
response to chemotherapy in pancreatic cancer patients. Cancers (Basel). 2019; 11: 93.  

34. Tomishima K, Ishii S, Fujiswa T, Ikemura M, Ota H, et al. Duration of reduced CA19-9 levels is a better prognostic factor than 
its rate of reduction for unresectable locally advanced pancreatic cancer. Cancers (Basel). 2021; 13: 4224. 

35. Vanden Berghe T, Vanlangenakker N, Parthoens E, Deckers W, Devos M, et al. Necroptosis, necrosis, and secondary necrosis 
converge on similar cellular disintegration features. Cell Death Differ. 2010; 17: 922-930. 

36. Le VH, Franko J, Paz B, Singh G, Fakih M, et al. Chemotherapy-induced early transient increase and surge of CA 19–9 level in 
patients with pancreatic Adenocarcinoma. Cancer Treat Res Commun. 2021; 28: 100397. 

37. Sørbye H, Dahl O. Transient CEA increase at start of oxaliplatin combination therapy for metastatic colorectal cancer. Acta 
Oncol. 2004; 43: 495-498. 

38. Tabchi S, Kourie HR, Farhat F, Kattan J. Early increase of CA 19-9 in advanced pancreatic cancer receiving FOLFIRINOX. Is it a 
sign of efficacy? J MedLiban. 2016; 64: 97-99. 

39. Takasaki H, Uchida E, Temporo M, Burnett DA, Metzgar RS, et al. Comparative studies on expression of CA 19-9 and DU-PAN-2 
in pancreatic cancer tissue. Int J Pancreatol. 1987; 2: 349-360. 

40. Hollingsworth MA, Swanson BJ. Mucins in cancer: protection and control of the cell surface. Nat Rev Cancer. 2004; 4: 45-60. 

41. Yue T, Goldstein IJ, Hollingsworth MA, Kaul K, Brand RE, et al. The prevalence and nature of glycan alterations on specific 
proteins in pancreatic cancer patients revealed using antibody-lectin sandwich arrays. Mol Cell Proteomics. 2009;8:16971707. 

42. Schmiegel WH, Kreiker C, Eberl W, Arndt R, Classen M, et al. Monoclonal antibody defines CA 19-9 in pancreatic juices and 
sera. Gut. 1985; 26: 456-460. 

43. Kalthoff H, Kreiker C, Schmiegel WH, Greten H, Thiele HG, et al. Characterization of CA 19-9 bearing mucins as physiological 
exocrine pancreatic secretion products. Cancer Res. 1986; 46: 3605-3607. 

44. Kagiya G, Sato A, Ogawa R, Hatashita M, Kato M, et al. Real-time visualization of intratumoral necrosis using split-luciferase 
reconstitution by protein trans-splicing. Mol Ther Oncolytics. 2021; 20: 48-58. 

45. Trevaskis NL, Lee G, Escott A, et al. Intestinal lymph flow, and lipid and drug transport scale allometrically from pre-clinical 
species to humans. Front Physiol. 2020; 11: 458. 

46. Lamerz R. Role of tumour markers, cytogenetics. Ann Oncol. 1999; 10: 145-149. 

47. Heinemann V, Schermuly MM, Stieber P, Schulz L, Jüngst D, et al. CA19-9: a predictor of response in pancreatic cancer treated 
with gemcitabine and cisplatin. Anticancer Res. 1999; 19: 2433-2435. 



Page 11

Vol 9: Issue 02: 1967

Manuscript Information: Received: December 02, 2022; Accepted: January 13, 2023; Published: January 20, 2023

Authors Information: Roland Rödel; Peter Oehr2*
1Clinical Medical Technology, Medical Faculty, University of Bonn, Germany.
2Medical Faculty, University of Bonn, Germany
 
Citation: Rödel R, Oehr P. Eliminating remnant CA 19-9 half-Life-dependent antigen: An innovative approach for a more accurate 
interpretation of tumour marker follow-up. Open J Clin Med Case Rep. 2023; 1967.

Copy right statement: Content published in the journal follows Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0).   © P Oehr (2023)

About the Journal: Open Journal of Clinical and Medical Case Reports is an international, open access, peer reviewed Journal 
focusing exclusively on case reports covering all areas of clinical & medical sciences.
Visit the journal website at www.jclinmedcasereports.com
For reprints and other information, contact info@jclinmedcasereports.com

48. Huang S, Chong H, Sun X, Wu Z, Jia Q, et al. The value of 18F-FDG PET/CT in diagnosing pancreatic lesions: comparison with 
CA19-9, enhanced CT or enhanced MR. Front Med (Lausanne). 2021; 8: 668697.  


