
Abstract. Background: The present study was conducted to
investigate whether baseline serum carbohydrate antigen
(CA) 19-9 predicts prognosis or treatment effect in patients
with advanced urothelial carcinoma (UC). Materials and
Methods: We retrospectively analyzed data of patients
diagnosed with locally advanced or metastatic or recurrent
UC between April 2008 and November 2014. CA19-9 was
determined using enzyme-linked immunosorbent assay
(ELISA) and the relationship between CA19-9 and prognosis
were analyzed. Results: Of 40 patients, seven with CA19-9
≤2 U/ml who were suspected of having Lewis A-negative
blood type and two patients with advanced metastatic liver
disease were excluded. UC-specific survival in metastatic
disease significantly correlated with prognosis (p=0.018).
Overall survival in patients with high serum CA19-9
demonstrated a significantly better prognosis than in those
with low concentrations (log-rank test, p=0.032).
Conclusion: High baseline serum CA19-9 may predict a
good prognosis in patients with advanced UC.

According to recent Surveillance, Epidemiology, and End
Results (SEER) program data for the United States, over the
past decade, the incidence of new bladder cancer has been
decreasing on an average of 1% each year and mortality due
to bladder cancer has not changed (1). However, in Japan,
both the incidence of and mortality due to urothelial
carcinoma (UC) (i.e. renal pelvic, ureteral, and bladder

cancer) have been increasing steadily over the course of the
past year (2). There is an urgent need to improve the cure
rate for UC, particularly advanced UC, for which predictive
markers for diagnosis or treatment effect are lacking.

Carbohydrate antigen (CA) 19-9 has recently been
established as a tumor marker in cancers including
pancreatic, gallbladder, and colon cancer. Several recent
reports have suggested that a high CA19-9 concentration is
a poor prognostic factor (3, 4). Therefore, we examined the
relationship between serum CA19-9 concentrations and
background factors, including clinical or pathological stage,
to determine whether serum CA19-9 concentration is useful
in predicting prognosis or treatment effect in patients
diagnosed with advanced UC.

Materials and Methods

The medical records of patients diagnosed with locally advanced or
metastatic or recurrent UC in our Department between April 2008
and November 2014 were evaluated retrospectively. The Ethics
Committee of Kanazawa University Graduate School of Medical
Science approved the present study (approval number 1805).
Pathological TNM stage was recorded for patients who underwent
radical surgery and clinical TNM stage for those who did not.
Metastatic disease was defined as the presence of extra-regional
lymph node or other organ metastases. CA19-9 concentration was
determined using enzyme-linked immunosorbent assay for all cases
and was expressed in U/mI. In each case, serum CA19-9
concentration was measured at least once at baseline, prior to
induction of any therapy. If serum CA19-9 concentration was
elevated, it was re-measured several times at the physician’s
discretion. Patients with another type of cancer (lung, pancreatic,
colon, gallbladder, bile duct, gynecological, or breast cancer)
producing an elevated CA19-9 concentration were excluded.
GraphPad Prism 7 software (GraphPad Software Inc., San Diego,
CA, USA) was used to analyze data and obtain figures. One-way
analysis of variance (ANOVA) and Student’s or Welch’s t-test were
used for comparative data analysis. Kaplan–Meier curves were used
to compare survival times. A p-value of less than 0.05 was
considered statistically significant for each analysis.
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Results

Overall, 40 patients were included in the analysis [age at
diagnosis 57-86 years (median, 75 years); 28 male, 12
female] of whom 26 had bladder cancer, eight had renal
pelvic cancer, and six had ureteral cancer. Table I shows

patient demographics, clinical history, surgical history, and
cancer chemotherapy drug(s) and route of administration.
One patient had both renal pelvic and bladder cancer and one
developed renal pelvic cancer following radical cystectomy
for advanced bladder cancer. Furthermore, 12 cases
underwent resection of primary disease. A baseline CA19-9
concentration of 30 U/mI was established as the upper cut-
off value of normal. Seven patients who had a serum CA19-
9 concentration of ≤2 U/ml at baseline were excluded
following high suspicion for Lewis A-negative blood type
[Le(a−b−) or Le(a−b+)]. Two patients with advanced disease
who had extremely high serum CA19-9 concentration and
multiple liver metastases were also excluded. For the
remaining 31 patients, follow-up duration ranged from 82 to
3,309 days (median=477 days). The mean CA19-9
concentration was 30.3 U/ml (range=5-167 U/ml). Serum
CA19-9 concentrations did not differ significantly among the
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Table I. Characteristics of patients. 

Characteristic                                                                            n=40

Median age, years
  At diagnosis (or at first visit)                                               75
Gender
  Male                                                                                       28
  Female                                                                                   12
Type of UC
  Bladder                                                                                  26
  Ureter                                                                                       6
  Renal pelvis                                                                             8
Resection of primary disease
  Yes                                                                                         12
  No                                                                                          28
Type of anticancer chemotherapy
  GEM+CDDP                                                                         14
  M-VAC                                                                                  11
  GEM+CBDCA                                                                        8
  PTX+CDDP+GEM                                                                 1
  Arterial infusion chemotherapy (with EBRT)                      5 (3)

GEM: Gemcitabine, CDDP: cisplatin, M-VAC: methotrexate,
vincristine, adriamycin, cisplatin, CBDCA: carboplatin, PTX: paclitaxel,
EBRT: external beam radiation therapy.

Table II. Correlation of factors with serum cancer antigen (CA) 19-9
value. 

                                    No. of           Median CA19-9              p-Value
                                   patients             (range), U/ml

Total                                31                    16 (5-167)                         -
Type of UC
   Bladder                        18                     13 (6-58)                   Reference
   Ureter                            6                  22.5 (6-140)                    0.096   Renal pelvis                  7                    34 (5-167)                          
T stage
   Tis                                  1                          26                         Reference
   Ta                                   1                          10                                 
   T1                                  3                      9 (6-32)                            
   T2                                  6                   13.5 (6-34)                          
   T3                                12                  28.5 (6-167)                    0.034
   T4                                  7                    15 (12-64)                          
   TX                                 1                           5                                 -
Tumor spread
   Non-metastatic            19                    16 (5-167)                  Reference
   Metastatic*                  12                   14.5 (6-64)                     0.276

UC: Urothelial cancer. *Metastatic disease included distant metastasis
only.

Figure 1. Kaplan–Meier analysis of overall survival (OS) (A) and
urothelial cancer-specific survival (B) according to T-stage. T-Stage was
not statistically significantly correlated with OS (log-rank test, p=0.599)
nor urothelial cancer-specific survival (log-rank test, p=0.423). 



three types of UC (bladder, renal pelvic, and ureteral cancer).
The increase in CA19-9 concentration was significantly
higher for those with T3 or higher tumors than for T2 or
lower tumors (p=0.034), and did not differ significantly
between those with metastatic and those with non-metastatic
disease (p=0.276) (Table II).

The interval between time of diagnosis and time of
measurement of serum CA19-9 concentration did not differ
significantly between those who had high CA19-9 level 
(≥30 U/ml) (one-way ANOVA t-test, p=0.670). Neither 
T-stage nor metastatic state correlated with prognosis, except
with respect to UC-specific survival in metastatic disease
(p=0.018) (Figures 1 and 2). However, in terms of overall
survival, a significantly better prognosis was seen in patients
with a high serum CA19-9 concentration than in those with
a low concentration (log-rank test, p=0.032) (Figure 3A),

and marginally significant in UC-specific survival (log-rank
test, p=0.062) (Figure 3B).

Discussion

The tumor marker CA19-9, which recognizes the sialylated
Lea carbohydrate structure (5), has primarily been used for
serological diagnosis and follow-up of gastrointestinal and
pancreatic malignancies (6-9). The interpretation of CA19-9
can be challenging because approximately 10% of the
population are Lewis-negative and have undetectable CA19-
9 concentrations regardless of tumor burden (6). Moreover,
the expression of Lewis blood group antigens has been
demonstrated to be affected by the presence of tumors in
patients with cancer (10). Furthermore, a low serum CA19-
9 concentration at baseline may not be useful for predicting
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Figure 2. Kaplan–Meier analysis of overall survival (OS) (A) and
urothelial cancer-specific survival (B) according to metastasis.
Metastasis was not statistically significantly correlated with OS (log-
rank test, p=0.103). Metastasis was statistically significantly associated
with worse urothelial cancer-specific survival (log-rank test, p=0.018). 

Figure 3. Kaplan–Meier analysis of overall survival (OS) (A) and
urothelial cancer-specific survival (B) according to serum carbohydrate
antigen (CA) 19-9 level. High serum CA19-9 level was statistically
significantly associated with better OS (log-rank test, p=0.032) but only
marginally correlated with better urothelial cancer-specific survival
(log-rank test, p=0.062). 



prognosis or treatment effect in patients with advanced UC.
Suzuki et al. have described two mechanisms for the

elevation of serum CA19-9 concentration in patients with
advanced UC: One wherein the tumor itself produces CA19-
9 and the other wherein a high renal pelvic pressure induces
serum CA19-9 elevation because normal renal pelvic mucosa
also produces CA19-9 (11).

In the present investigation, seven out of 11 cases with
high CA19-9 concentration had hydronephrosis at initial
diagnosis. Therefore, these seven cases may reflect serum
CA19-9 elevation due to hydronephrosis.

The better prognosis of patients with high serum CA19-9
concentration might be explained by the fact that in three out
of the 11 cases, serum CA19-9 was markedly reduced by the

induction of cancer chemotherapy (Figures 4-6). In these
three cases, we considered the decrease in serum CA19-9
concentration to reflect radiological improvement.

Kanai et al. presented the case of a Japanese patient with
ureteral UC having an extremely high serum CA19-9
concentration. Marked regression of the tumor was identified
by radiological findings, and serum CA19-9 concentration
returned to the normal range after three courses of
methotrexate, vinblastine, doxorubicin, and cisplatin (M-VAC)
therapy, following nephroureterectomy and partial cystectomy.
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Figure 4. Case 1: A 71-year-old male, with right-sided ureteral cancer,
cT3N2M0. A: Graph of the time course of carbohydrate antigen (CA) 
19-9 value. B: Primary disease before anticancer chemotherapy (yellow
arrow). C: Primary disease after anticancer chemotherapy (yellow arrow).
Both CA19-9 value and radiological findings showed improvement. Figure 5. Case 2: A 58-year-old male, with right-sided renal pelvic

cancer, cT3N2M0. A: Graph of the time course of CA19-9 value. B:
Primary disease before anticancer chemotherapy (yellow arrow). C:
Primary disease after anticancer chemotherapy (a yellow arrow). Both
CA19-9 value and radiological findings showed improvement. 



At 6 months after resection, the patient was without evidence
of local recurrence or metastasis (12). Another case of
advanced bladder UC with high serum CA19-9 concentration
reported by Inai et al. demonstrated an improvement of both
CA19-9 concentration and radiological findings following
arterial injection chemotherapy and radiotherapy (13). Both
cases illustrate that patients with advanced UC having high
serum CA19-9 concentration at baseline have high
chemosensitivity, and therefore, serum CA19-9 would be a
marker reflecting treatment effect (Figure 7).

The present study has some limitations. Firstly, this was a
retrospective cohort with a small sample size and selection bias.
However, previous reports and the present study suggest that
serum CA19-9 concentration may be a predictor of prognosis
and treatment effect, particularly in patients with advanced UC.

In conclusion, patients with advanced UC having high serum
CA19-9 concentration at baseline have a high chemosensitivity.
In these patients, the tumor marker CA19-9 may reflect
response to therapy. Further investigation is warranted.
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