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ABSTRACT

CA 19-9 remains the most frequently applied serum indicator in the clinical workup of pancreaticobiliary
malignancies (PBMs), yet there is minimal published information describing how patients with PBMs behave
when their CA 19-9 levels are undetectable or only minimally elevated (referred to here as “low”). This project
aimed to determine how individuals with PBMs and low CA 19-9 values compare—both in presentation and in
clinical trajectory—to those whose CA 19-9 concentrations at diagnosis were normal or elevated. We performed
a retrospective review of biopsy-verified PBM cases and assigned each individual to one of three diagnostic CA
19-9 categories. Survival probabilities for these groups were produced with the Kaplan—-Meier approach, and
comparisons were analyzed with Cox proportional hazards regression. Among 283 total patients, 23 (8.1%) fell
into the low CA 19-9 group, 70 (24.7%) into the normal range, and 190 (67.1%) into the elevated range. When
adjusting for age, sex, body mass index, metastatic disease at presentation, and whether curative-intent therapy
was provided, the elevated CA 19-9 cohort demonstrated a hazard ratio for death of 1.993 (95% CI 1.089-3.648;
p = 0.025) when contrasted with the low-level group. Elevated CA 19-9 (versus low levels) and the existence of
metastases both increased mortality risk, while receiving curative-intent treatment lowered that risk.
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Introduction

Pancreaticobiliary cancers continue to represent a major global health burden, accounting for 550,698 new
diagnoses and 611,722 deaths worldwide in 2020 [1]. In 2021, the United States alone reported 72,410 new
diagnoses and 52,530 related deaths [2]. Despite therapeutic advances, SEER data still place the 5-year relative
survival rate near 10% [3]. Their dismal prognosis reflects late-stage discovery, limited effective therapy in
advanced disease, and the inherently aggressive biology of these tumors [4, 5].

CA 19-9, a serum carbohydrate antigen, is routinely incorporated into management strategies for PBMs—such as
pancreatic ductal adenocarcinoma (PDAC), cholangiocarcinoma (CCA), and gallbladder carcinoma (GBCA).
Reported sensitivity rests at 79—81% and specificity at 82-90%, although its positive predictive value of 72.3%
severely limits screening potential [6]. CA 19-9 lacks disease-specificity: elevations occur in unrelated cancers
(e.g., mucinous ovarian tumors, endometrial malignancies, lung cancer) [7-9] and various benign disorders,
including biliary obstruction, pancreatitis, and renal dysfunction [10-15]. Its utility is also undermined by
genetics: CA 19-9 is a monosialylated Lewis A antigen, meaning people who are Lewis antigen—negative produce
minimal or no CA 19-9 [16]. Of the major Lewis phenotypes—Le(a—b—), Le(at+b—), and Le(a—b+)—only the
Le(a—b—) group cannot synthesize the antigen; roughly 5-10% of Caucasians fall into this category [6, 10], which
can falsely imply “low” CA 19-9 even in the presence of PBMs.

Although high CA 19-9 concentrations generally correlate with poorer outcomes in PDAC and declines following
treatment typically reflect improved prognosis [17-25], very few studies have specifically focused on patients
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whose CA 19-9 levels are low or unmeasurable. Given the high mortality associated with PBMs, clarifying the
role of CA 19-9 in this subgroup may refine prognostic evaluation and management strategies.

This investigation analyzed clinical profiles and outcomes for patients within the Los Angeles County Department
of Health Services (LADHS) who had histologically confirmed PDAC, CCA, or GBCA and low CA 19-9 values
at diagnosis, comparing them with patients who presented with either normal or increased CA 19-9. LADHS, the
second-largest municipal health network in the United States, serves primarily minority populations that are rarely
represented in existing research.

Materials and Methods

Study population
A system-wide LADHS database was queried for individuals seen at Olive View—UCLA Medical Center (OVMC)

and Harbor—-UCLA Medical Center (HUMC), both in Los Angeles, CA, USA, whose records contained ICD-10-
CM codes corresponding to PBMs (Table 1). Patient files were reviewed manually, and only those with histologic
confirmation of PBMs diagnosed between 2014 and 2020 were retained. Exclusions were applied to cases without
tissue confirmation or without a recorded CA 19-9 measurement within 30 days of diagnosis.

Table 1. 2021 ICD-10 code set used for disease classification.

ICD-10 Code Corresponding Disease Classification

C221 Intrahepatic bile duct carcinoma

C23 Malignant neoplasm of gallbladder

C25 Malignant neoplasm of pancreas
C25.0 Malignant neoplasm of head of pancreas
C251 Malignant neoplasm of the body of the pancreas
C25.2 Malignant neoplasm of tail of pancreas
C25.3 Malignant neoplasm of the pancreatic duct
C254 Malignant neoplasm of endocrine pancreas
C25.7 Malignant neoplasm of other parts of pancreas
C25.8 Malignant neoplasm of overlapping sites of pancreas
C25.9 Malignant neoplasm of pancreas, unspecified
DO01.5 Carcinoma in situ of liver, gallbladder, and bile ducts

Study variables and primary outcome
From the clinical charts, we collected a broad set of demographic and medical details: age, biological sex, ethnic

background, body mass index (BMI), tobacco use history, prior non-GI malignancies, and comorbid conditions
including diabetes mellitus, hypertension, congestive heart failure, coronary artery disease, chronic obstructive
pulmonary disease, and stroke. Information on whether treatment was delivered with curative or palliative goals
was also obtained. Laboratory findings at the point of diagnosis included CA 19-9, total bilirubin,
carcinoembryonic antigen, and CA 125 levels [26, 27]. The cancer stage at diagnosis and the Eastern Cooperative
Oncology Group (ECOG) performance score were likewise extracted. The main study endpoint—overall
survival—referred to the interval between the diagnostic date and either death or the most recent documented
follow-up.

CA 19-9 assays and pQOatient grouping
Between 2014 and 2020, two automated platforms were used to measure CA 19-9: the ADVIA Centaur system
(Bayer Diagnostics, Tarrytown, NY, USA) and the Elecsys E170 analyzer (Roche Diagnostics, Indianapolis, IN,
USA). Their analytical detection limits were <2 or <3 U/mL. Based on CA 19-9 levels at diagnosis, patients were
divided into three predefined categories:

1. Low:<3U/mL

2. Normal: 4-35 U/mL

3. High: >35 U/mL

Statistical analysis
For each CA 19-9 category, descriptive summaries were generated. Survival distributions were approximated

using Kaplan—Meier methodology, with differences evaluated through Cox proportional hazards regression.
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Median duration of follow-up was determined via the reverse Kaplan—Meier technique. A significance threshold
of p <0.05 was applied. All analyses were conducted using Stata/IC 16.1 (StataCorp, College Station, TX, USA).

Results and Discussion

Characteristics of the study sample

A total 0f 421 individuals were initially identified using 12 ICD-10-CM codes for PBM (Table 1). After excluding
those without biopsy-confirmed PDAC, CCA, or GBCA, and those with no recorded CA 19-9 at diagnosis, 283
remained for analysis. Within this cohort, 23 (8.1%) belonged to the low-CA 19-9 category, 70 (24.7%) fell into
the normal range, and 190 (67.1%) exhibited elevated values. Table 2 lists demographic profiles stratified by CA
19-9 group, including age, gender, BMI, race, and smoking status (never, former, or current). Additional
abstracted data included previous cancers and comorbidities such as diabetes, hypertension, congestive heart
failure, coronary artery disease, chronic obstructive pulmonary disease, and stroke. Across the three CA 19-9
strata, Hispanic individuals represented the majority (65.2%, 77.1%, and 54%), women were more common
(60.9%, 57.1%, and 51.6%), and most had never smoked (82.6%, 72.5%, and 60.5%). Median ages were 60, 62,
and 61 years in the low, normal, and high groups, respectively.

Table 2. Comparison of patients with low/undetectable CA 19-9 versus those with normal or elevated values.
No statistically meaningful group differences were observed.

Characteristic Low CA 19-9 (n= Normal CA 19-9 (n = Elevated CA 19-9 (n =
23) 70) 190)
Age at diagnosis (years), median 60 (52-69) 62 (53-70) 61 (55-66)
(IQR)
Male, n (%) 9 (39.1%) 30 (42.9%) 92 (48.4%)
BMI, median (IQR) 26.0 (23.2-30.6) 25.3(22.4-28.7) 25.4 (22.2-29.9)
Race, n (%)
Caucasian 3 (13.0%) 5(7.1%) 31 (16.4%)
Hispanic 15 (65.2%) 54 (77.1%) 102 (54.0%)
Asian 2 (8.7%) 4 (5.7%) 21 (11.1%)
African American 2 (8.7%) 4 (5.7%) 15 (7.9%)
Middle Eastern/North African 0 (0.0%) 1(1.4%) 2 (1.1%)
Other 1 (4.4%) 2 (2.9%) 18 (9.5%)
Comorbidities
None 6 (26.1%) 23 (32.9%) 54 (28.4%)
Diabetes 9 (39.1%) 28 (40.0%) 78 (41.1%)
Hypertension 9 (39.1%) 31 (44.3%) 93 (49.0%)
Congestive heart failure 0 (0.0%) 3 (4.3%) 8 (4.2%)
Coronary artery disease 1 (4.4%) 5(7.1%) 11 (5.8%)
COPD 0 (0.0%) 0 (0.0%) 8 (4.2%)
Cerebrovascular accident 0 (0.0%) 1(1.4%) 8 (4.2%)
History of other cancer, n (%)
None 21 (91.3%) 61 (88.4%) 175 (92.1%)
Non-GI 2 (8.7%) 5(7.2%) 12 (6.3%)
Gl 0 (0.0%) 4 (5.8%) 3 (1.6%)
Smoking history, n (%)
Never 19 (82.6%) 50 (72.5%) 113 (60.1%)
Former 1 (4.4%) 14 (20.3%) 47 (25.0%)
Current 3 (13.0%) 5(7.3%) 28 (14.9%)

p-values omitted as there were no significant differences between groups. Abbreviations: BMI: Body mass index; GI: gastrointestinal; IQR:
interquartile range.

Oncologic profile

Table 3 outlines tumor-related characteristics across CA 19-9 groups, with interquartile ranges in parentheses.
Diagnostic CA 19-9 concentrations spanned from 0 to 4,270,000 U/mL. PDAC accounted for the majority of
diagnoses (60.9%, 55.7%, and 69%). ECOG performance status of 0 occurred in 40.9%, 64.3%, and 48.7%, while
stage IV disease at presentation was seen in 52.2%, 40%, and 50.5% of the low, normal, and high groups. Curative-
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intent therapy was most frequent in the normal category (54.3%), whereas palliative treatment predominated in
the low (65.2%) and elevated (76.8%) categories. Metastatic disease at diagnosis occurred in 12 (52.2%), 28
(40%), and 96 (50.5%) individuals in the three groups.

Table 3. Tumor characteristics in low/undetectable versus measurable CA 19-9 cohorts.
Low CA 19-9 Detectable but Normal CA  Elevated CA 19-9

h n -Val
Characteristic (n=23) 19-9 (n = 70) (n=190) p-Value
CA 199 level at diagnosis, 532.5 (147.0-
median (IQR) 2.0 (2.0-3.0) 16.5 (9.0-22.0) 3469.0) 0.595
CEA level at diagnosis, median ¢ ¢ ¢, 2.0 (1.4-5.1) 4.1(1.9-17.8) 0.508
(IQR)
CA 125 level at diagnosis,
median (IQR) 30.6 (6.1-55.0) 26.7 (10.4-48.9) 61.3(20.9-219.0) 0.646
Total bilirubin at diagnosis,
median (IQR) 0.6 (0.5-4.0) 1.0 (0.6-2.1) 1.7 (0.8-8.6) 0.002
Organ system with malignancy, n 0.054
(%)
Cholangiocarcinoma 5(21.7%) 18 (25.7%) 46 (24.2%)
Gallbladder adenocarcinoma 4 (17.4%) 13 (18.6%) 13 (6.8%)
Pancreatic adenocarcinoma 14 (60.9%) 39 (55.7%) 131 (69.0%)
Deceased by e:?'; ; study period, 1) 55 20) 32 (45.7%) 120 (63.2%) 0.035
(1)
Survival time, median* 1016 1096 344 -
Follow-up time, median* 815 1243 662 -
ECOG at time of diagnosis, n
(%) 0.236
0 9 (40.9%) 45 (64.3%) 90 (48.7%)
1 7 (31.8%) 17 (24.3%) 54 (29.2%)
2 4 (18.2%) 5(7.1%) 17 (9.2%)
3 2 (9.1%) 2 (2.9%) 22 (11.9%)
4 0 (0.0%) 1 (1.4%) 2 (1.1%)
Stage at time of diagnosis, n (%) 0.017
I 4 (17.4%) 19 (27.1%) 21 (11.1%)
I 4 (17.4%) 17 (24.3%) 34 (17.9%)
111 3 (13.0%) 6 (8.6%) 39 (20.5%)
v 12 (52.2%) 28 (40.0%) 96 (50.5%)
Underwent c“r(f:/t')v ¢ treatment,n g 34.8%) 38 (54.3%) 44 (23.2%) <0.001
(]
Type of treatment, n (%) <0.001
Chemotherapy 12 (52.2%) 20 (28.6%) 92 (48.4%)
Surgery 3 (13.0%) 16 (22.9%) 14 (7.4%)
Chemotherapy and surgery 5(21.7%) 26 (37.1%) 36 (19.0%)
Hospice 3 (13.0%) 6 (8.6%) 43 (22.6%)
None or lost to follow-up 0 (0.0%) 2 (2.9%) 5(2.6%)

* Obtained from the Kaplan—Meier estimate of the survivor function. ** Obtained using the reverse Kaplan—Meier estimator. Abbreviations:
CEA: Carcinoembryonic antigen; CA 125: cancer antigen 125; ECOG: Eastern Cooperative Oncology Group performance status; IQR:
interquartile range.

Survival analysis
Survival findings appear in Figure 1 and Tables 3 and 4. Over a median follow-up of 2.2 years, 164 participants

(57.9%) had died. Deaths within each CA 19-9 category totaled 12 (52.1%), 32 (45.7%), and 120 (63.1%). After
adjusting for sex, age, BMI, presence of metastasis, and receipt of curative-intent therapy, the hazard of death
relative to the low-CA 19-9 group was 1.254 (p =0.510, 95% CI 0.640-2.458) for the normal group and 1.993 (p
= 0.025, 95% CI 1.089-3.648) for the elevated group (Table 4). Metastatic presentation significantly increased
mortality risk (HR = 1.815, p=0.002, CI 1.252-2.629), while curative-intent treatment markedly reduced it (HR
=0.213,p <0.001, CI 0.127-0.356).
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Figure 1. Kaplan—Meier survival curves by CA 19-9 category.

Table 4. Cox regression model for predictors of survival.
Predictor Hazard Ratio p-Value 95% Confidence Interval
CA 19-9 level
Undetectable (reference) - - -

Normal 1.254 0.510 0.640-2.458

Elevated 1.993 0.025* 1.089-3.648

Male 0.973 0.866 0.709-1.336

Age 1.016 0.052 1.000-1.033

BMI 1.001 0.923 0.977-1.026

Evidence of metastases at diagnosis 1.815 0.002* 1.252-2.629
Underwent curative treatment 0.213 <0.001* 0.127-0.356

* Denotes statistical significance.

Discussion
In this investigation, we analyzed clinical characteristics and outcomes among individuals with histologically

confirmed PDAC, CCA, or GBCA who presented with low, normal, or elevated CA 19-9 concentrations. This
work represents only the second known study specifically focused on patients with PBMs who exhibit low or
undetectable CA 19-9 values. Within the LADHS system, we identified 286 patients with tissue-confirmed PBMs;
among them, 8.1% had low CA 19-9 readings and 24.7% had values within the normal range at the time of
diagnosis. Because PBMs are associated with aggressive biology, limited therapeutic responses, and a tendency
to present at advanced stages, clarifying the clinical patterns of individuals whose CA 19-9 levels are unexpectedly
low is highly relevant to patient management [28, 29].

CA 19-9 was first recognized as a potential marker for hepatobiliary cancers in 1979, when Koprowski and
colleagues isolated an antigen using monoclonal antibodies originally derived from colorectal tumor tissue. It was
later observed to also correlate with pancreatic cancer biology [19, 30]. The development of a radioimmunometric
assay in 1983 by Del Villano et al. enabled accurate measurement of CA 19-9 with strong diagnostic performance
for PBMs [31]. Since then, this biomarker has become entrenched in clinical practice for diagnostic evaluation,
prognosis estimation, and treatment monitoring. However, its interpretation must account for important
limitations: elevations can occur in a range of other malignancies (such as ovarian or endometrial cancers) and in
benign conditions like biliary obstruction or chronic pancreatitis. Additionally, a subset of patients inherently
produces little or no CA 19-9, complicating its clinical interpretation.

A substantial body of literature has evaluated CA 19-9 in relation to tumor burden, surgical resectability, and
survival outcomes. For instance, a study from Massachusetts General Hospital assessed how preoperative CA 19-
9 aligned with pathological cancer staging in 176 patients who had both pre- and postoperative measurements.

140



Ahmed et al., CA 19-9 Stratification in Pancreaticobiliary Malignancies: Low Levels Predict Superior Survival Independent
of Metastases and Curative Therapy

Higher preoperative CA 19-9 values corresponded with more advanced disease stages, and concentrations tended
to be lower in lymph-node—negative cases [32]. Multiple groups have likewise explored how the marker relates
to resectability. One study demonstrated that CA 19-9 values were significantly lower in resectable PDAC
compared with unresectable disease [33]. Another analysis of 262 individuals undergoing staging laparoscopy
identified that preoperative CA 19-9 >130 U/mL predicted unresectability on multivariate modeling (HR 2.70, p
=0.005) [34].

CA 19-9 has also been linked to treatment responsiveness and the trajectory of disease under therapy. In a cohort
of 43 PDAC patients, changes in CA 19-9 before and after chemotherapy were associated with survival outcomes:
individuals with >20% decline in their baseline CA 19-9 after 8 weeks of therapy experienced significantly longer
median survival than those with increases or declines below 20% [35]. A study from Italy evaluating stage III-IV
pancreatic adenocarcinoma similarly found that baseline CA 19-9 levels independently correlated with survival,
and reductions exceeding 89% after chemotherapy were associated with markedly longer median survival times
relative to patients whose declines fell between 50-80% or those with <50% reductions or increases [36].

The biomarker has also been extensively researched as a direct predictor of overall survival. Prior studies have
shown that patients with PBMs and normal CA 19-9 values (<37 U/mL) at diagnosis tend to have better prognoses
[32, 37, 38]. A Japanese investigation involving 117 pancreatic cancer patients demonstrated a 5-year disease-
specific survival rate of 60% among those with normal CA 19-9, in contrast to just 4% among individuals with
levels above 37 U/mL [39]. Another study comparing patients with CA 19-9 <120 U/mL to those with values
>120 U/mL revealed significantly superior 1-, 3-, and 5-year survival for the <120 U/mL group (p = 0.002) [40].
Postoperative CA 19-9 levels have also been informative: PDAC patients with postresection CA 19-9 >90 U/mL
showed a dramatically increased mortality risk (HR 3.34; p <0.0001) compared with those with <90 U/mL [41].
A separate Japanese cohort of 269 patients demonstrated that CA 19-9 levels >37 U/mL after surgery predicted
inferior survival (p < 0.0001), and elevated postoperative levels were more common when margins were positive
(p =0.02) [42].

Interpretation of CA 19-9 is further complicated by biological variability. Approximately 5-10% of individuals
carry a Lewis-negative phenotype and therefore do not synthesize the CA 19-9 antigen at all, even in the presence
of metastatic PBMs [11, 43, 44]. Because CA 19-9 is a sialyl Lewis antigen, those lacking the sialyl Lewis
structure do not express the enzyme 1,4-fucosyl transferase required for its production. Consequently, these
patients may appear to have normal or even undetectable CA 19-9 despite harboring advanced disease, obscuring
the true prognostic interpretation of their tumor marker profile.

In this investigation, we examined individuals whose CA 19-9 values were low or non-measurable and compared
them with those whose CA 19-9 levels were within the normal range or elevated. Because the study design was
retrospective, we were unable to determine Lewis antigen phenotypes; nevertheless, 8.1% of the cohort exhibited
low CA 19-9 concentrations, a proportion comparable to published estimates for Lewis-negative groups. Within
our predominantly Hispanic LADHS sample, most patients across all three CA 19-9 categories were diagnosed at
stage IV, reflecting the commonly late clinical presentation and substantial burden associated with PBMs [26, 27].
Moreover, after adjusting for sex, age, BMI, metastatic disease, and receipt of curative-intent therapy, elevated
CA 19-9 was linked to a markedly higher risk of mortality when contrasted with the low-CA-19-9 subgroup. No
meaningful difference in mortality risk was observed between the normal-level group and the low-level group.
These results parallel the findings of A.C. Berger ef al., who assessed 129 pancreatic cancer cases from the Fox
Chase Cancer Center and reported that survival among patients with low and normal CA 19-9 levels did not differ,
yet both groups outperformed those with elevated levels [45]. A broader, multi-institutional study with a larger
sample may clarify any nuanced survival differences between low and normal CA 19-9 categories.

One of the notable advantages of this project is its size and focus: few studies have examined low CA 19-9 cases
within a primarily Hispanic safety-net population. Although many reports evaluate CA 19-9 behavior in
pancreaticobiliary cancers, they seldom isolate patients with low or undetectable levels. In addition, much of the
prior research centers on populations unlike the LADHS cohort, such as East Asian or European groups.
According to U.S. Census data, LADHS represents the county with the highest Hispanic population nationwide.
Considering the persistent underrepresentation of racial and ethnic minorities in clinical studies—and the
documented disparities in pancreatic cancer incidence and survival across groups [46]—the current study
addresses an essential gap. It also provides detailed demographic and oncologic characterization for each category,
including CEA and CA 125 biomarkers, ECOG performance scores, initial tumor stage, and treatment modalities.
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Several limitations merit discussion. First, the project relied on retrospective chart review. Second, CA 19-9
measurements were not standardized to a single assay; both the ADVIA Centaur and Elecsys E170 platforms were
used between 2014 and 2020 within LADHS. One defined undetectable CA 19-9 as <2 U/mL, whereas the other
used <3 U/mL, though both considered 35 U/mL as the upper limit of normal. Third, although the 8.1% rate of
low or non-detectable CA 19-9 aligns with the 5-10% estimate of Lewis antigen-negative prevalence, individual
Lewis phenotypes were not assessed in our cohort.

Conclusion

To date, only a limited number of investigations have concentrated on patients with low or undetectable CA 19-
9, particularly in the context of GBCA, CCA, and PDAC. This study expands the modest existing literature on
PBM patients with low CA 19-9, an issue of importance given the high morbidity and fatality rates associated
with these tumors. We demonstrated that individuals with low CA 19-9 exhibit significantly reduced mortality
risk compared with those whose levels are elevated, despite the challenges of tracking disease activity in this
subgroup. Both elevated CA 19-9 and metastatic spread correlated with increased mortality hazard, whereas
curative-intent treatment correlated with reduced hazard. Additional multicenter investigations are required to
further clarify the clinical implications of low or undetectable CA 19-9 and to identify optimal management
strategies for this patient population.
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