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A B S T R A C T

Purpose
CA 19-9 is an important tumor marker in patients with pancreatic adenocarcinoma. A secondary
end point of Radiation Therapy Oncology Group trial 9704 was prospective evaluation of the ability
of postresectional CA 19-9 to predict survival.

Methods
CA 19-9 expression was analyzed as a dichotomized variable (� 180 v � 180) or (� 90 v � 90). Cox
proportional hazards models were utilized to identify the impact of CA 19-9 expression on overall
survival (OS). Actuarial estimates for OS were calculated using Kaplan-Meier methods.

Results
Three hundred eighty-five patients patients had assessable CA 19-9 levels. The majority had a CA
19-9 level lower than 180 or � 90 (n � 220 and 200, respectively), while 34% were Lewis Antigen
negative and 33 (9%) and 53 (14%) patients had levels higher than 180 and higher than 90. When
CA 19-9 was analyzed as a dichotomized variable, there was a significant survival difference
favoring patients with CA 19-9 lower than 180 (hazard ratio [HR], 3.53; P � .0001). This
corresponds to a 72% reduction in the risk of death for patients with a CA 19-9 lower than 180.
This was also true for patients with CA 19-9 � 90 (HR, 3.4; P � .0001). Multivariate analyses
confirmed that CA 19-9, when analyzed as both a continuous and a dichotomized variable, is a
highly significant predictor of OS in patients with resected pancreatic cancer.

Conclusion
To our knowledge, this is the first phase III trial to perform prospective analysis of CA 19-9 levels
in patients treated with adjuvant chemoradiotherapy. It definitively confirms the prognostic
importance of postresectional CA 19-9 levels after surgery with curative intent in patients with
pancreatic cancer.

J Clin Oncol 26:5918-5922. © 2008 by American Society of Clinical Oncology

INTRODUCTION

Pancreatic cancer is a highly lethal malignancy. In
2007, it was estimated that more than 90% of the
37,170 patients who will be diagnosed with this dis-
ease will die from it.1 Attempts to improve survival
have been made by adding chemotherapy and radi-
ation in the adjuvant setting for those patients who
undergo curative resection. Numerous studies have
shown that the addition of chemotherapy (in the
form of gemcitabine or fluorouracil [FU]) with or
without external-beam radiation will improve sur-
vival compared with surgery alone.2-5 Multiple in-
vestigators have attempted to determine what the
most important prognostic factors are for patients
with pancreatic cancer who undergo curative re-
section. Some of these factors include presence of

positive lymph nodes (LNs), LN ratio, and lympho-
vascular invasion.

One factor demonstrated to have an important
prognostic effect is the postoperative CA 19-9 level.
CA 19-9 is the most common and important tumor
marker used in the United States for patients with
pancreatic cancer. CA 19-9 is a tumor-associated
antigen that requires the presence of sialylated
Lewis (Le)a blood group antigen to be expressed.
Individuals with a Lea-b- phenotype (ie, lacking the
Lewis antigen glycosyl-transferase) are unable to
synthesize CA 19-9.6 In a retrospective study by
Montgomery et al, 7 the postoperative CA 19-9 level
was one of the most significant prognostic factors.
Patients whose levels normalized by 3 to 6 months
had significantly longer median survival. Patients
with postoperative levels lower than 180 U/mL at 1
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to 3 months had significantly improved survival compared with those
with a CA 19-9 higher than 180 and similar survival to those with a
normalized CA 19-9.7

Radiation Therapy Oncology Group (RTOG) trial 9704 was a
randomized phase III trial comparing the use of either continuous
infusion FU or gemcitabine before and after adjuvant chemoradio-
therapy with FU in patients with resected pancreatic adenocarcinoma.
The primary end point of this study was overall survival and has been
recently reported.8 A secondary end point of this study was to examine
prospectively the importance of postoperative CA 19-9 level in this
group of patients. This article examines cutoff points of 90 U/mL and
180 U/mL in patients with resected pancreatic cancer, all of whom
received adjuvant chemoradiotherapy.

METHODS

The methodological details of RTOG 9704 have been previously detailed.8

Briefly, patients were eligible for the trial if they had histologic proof of adeno-
carcinoma of the pancreas and had undergone a potentially curative resection.
Patients were staged according to the American Joint Committee on Cancer
(AJCC) staging system (fifth edition).

Patients were entered onto the study and randomly assigned to their
treatment arm between 3 and 8 weeks postoperatively. Patients were stratified
according to the following three factors—nodal status (involved v unin-
volved), tumor diameter (� 3 v � 3 cm), and surgical margins (negative v
positive v unknown). All patients underwent potentially curative resection of
their primary tumor. Postoperatively, patients were randomly assigned to one
of two treatment arms depicted in Figure 1.

CA 19-9 Testing

Because Lewis antigen expression is essential for expression of CA 19-9,
red cell phenotyping for Lewis A and Lewis B antigens was required for study
eligibility and was obtained at each institution’s laboratory. If patients were
negative for both Lewis A and B antigens, they were considered to be CA 19-9
nonexpressers. For patients that expressed either antigen, blood was drawn no
more than 3 weeks before random assignment or after random assignment but
before the start of protocol treatment, serum was prepared, frozen at �20C,
and shipped (frozen) to the RTOG tissue bank at LDS hospital. Centralized
determination of CA 19-9 was done using enzyme-linked immunosorbent
assay GI-MA kits provided by Diagnostic Products Corporation (Gwynedd,
United Kingdom), a Siemens Company. CA 19-9 nonexpressing patients
(Lewis antigen A and B negative) were assigned values of zero because by
definition, they do not have the ability to secrete CA 19-9 into their serum.6

Statistical Methods

The protocol specific secondary end point analysis was to prospectively
evaluate the ability of postresectional CA19-9 to predict survival among adju-
vantly treated patients who have undergone a potentially curative resection for
adenocarcinoma of the pancreas. The failure event for overall survival was
defined as death due to any cause. Survival time was measured from the date of
random assignment to the date of death or last follow-up. The following

baseline characteristics were dichotomized; pathological t-stage (T1, T2 v T3,
T4), AJCC stage (I, II v III, IV), primary tumor location (head v everything
else). Race was categorized as white, African American, and other. Statistical
comparisons to assess potential associations between baseline characteristics
and (1) missing CA19-9 data and (2) CA19-9 levels were carried out using
the �2 test. Lewis Antigen–negative patients were assigned a CA19-9 value of
0. CA19-9 baseline expression was analyzed ungrouped (Lewis Antigen nega-
tive v � 180 v � 180) with two dummy variables with a value of lower than 180
as the reference level based on previous data from Fox-Chase Cancer Cen-
ter (FCCC).7

A cut point of lower than 90 versus higher than 90 was also analyzed in
light of the recently published adjuvant chemotherapy trial from Germany
(CONKO-001).5 Cox proportional hazards models9 were utilized to identify
the impact of CA19-9 expression on overall survival. Per the statistical analysis
plan, in addition to treatment, the following variables were included in the
multivariate analyses: nodal involvement (no v yes), tumor diameter (� 3 v
� 3 cm), and surgical margin status (negative v positive and negative v un-
known). As there were three possible responses for surgical margin status
(negative, positive, or unknown), this variable was broken into two dummy
variables with a value of negative as the reference level. For figure presenta-
tions, actuarial estimates for overall survival were calculated using Kaplan-
Meier methods.10

RESULTS

The primary end point results for this study were initially presented at
the Annual Meeting of the American Society of Clinical Oncology in
2006 and recently published.8 A total of 538 patients were accrued to
the study from RTOG (n � 370), Eastern Cooperative Oncology
Group (n � 86), and Southwest Oncology Group (n � 82); of these,
85 were ineligible, two patients withdrew their consent, and another
66 patients did not have a specimen available for analysis of CA 19-9.
The remaining 385 patients were eligible with analyzable CA 19-9
levels and are the basis of this report. This subset of patients was
representative of the entire cohort. Of the 385 patients, 335 had tu-
mors of the head (87%), while 50 patients had nonhead tumors. There
were 225 males and 160 females (58% v 42%). The majority of patients
were white (88%) and had a Karnofsky performance status of 90 or
100 (64%). The most frequent T stage was T3 (68%) followed by T2,
T4, and T1 in decreasing frequency (15%, 9%, and 8%, respectively).
Sixty-seven percent of patients had positive lymph nodes. In terms of
AJCC staging, 233 were stage III (61%), 71 were stage II, 47 were
classified as stage I, and 34 were staged as IVA. Surgical margin status
was unknown in 98 of patients (25%), negative in 40%, and positive in
35% of patients. Finally, there were 192 analyzable patients in the
gemcitabine arm and 193 analyzable patients in the FU arm. The
median time from surgery to beginning treatment was 48 days (range,
22 to 58).

Random
AssignmentStratification

Nodal Status

1. Uninvolved Arm 1: Pre-CRT + CRT + Post-CRT
2. Involved FU (FU/RT) FU

Tumor Diameter

1. < 3 cm
2. ≥ 3 cm

Surgical Margins Arm 2: Pre-CRT + CRT + Post-CRT
1. Negative Gemcitabine (FU/RT) Gemcitabine
2. Positive
3. Unknown

Fig 1. Treatment schema. CRT, chemora-
diotherapy; FU, fluorouracil; RT, radiation
therapy.
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CA 19-9 levels were lower than 180 U/mL in 220 patients (57%),
and � 180 in 33 patients (8.6%). The Lewis antigen was reported as
negative in 132 patients (34%). CA 19-9 levels were � 90 U/mL in 200
patients and higher than 90 in 53 patients. There was no difference in
CA 19-9 by treatment group. Table 1 details baseline characteristics of
the patient population in RTOG 9704 with analyzable CA 19-9 level.
Patients with CA 19-9 levels � 180 were associated with larger tumors
(P � .048). The median time from surgery to the blood draw for CA
19-9 determination was 45 days (range, 11 to 57).

At last follow-up, all patients with a CA 19-9 � 180 were dead,
while only 74% patients (162 of total 220) with a CA 19-9 lower than
180 had died. This corresponds to a median survival of 9 months for
patients with CA 19-9 � 180 compared with 21 months for those with
CA 19-9 lower than 180 (P � .0001; Fig 2). There were no significant
differences in overall survival between the Lewis antigen–negative
patients and those with CA 19-9 levels lower than 180. We also looked
at 3-year overall survival. In patients with undetectable CA 19-9 (Lewis
antigen negative), 3-year survival was 24%. For patients with CA
19-9 � 180, survival was 0%, while those with CA 19-9 lower than 180
had a 3-year survival of 30%. When patients were examined by
whether they had tumors of the pancreatic head (n � 335) or body/tail
(n � 50), these significant differences were maintained.

A multivariate model was developed to examine the impact of the
following factors—treatment, CA 19-9 cutoff (�180 v �180), nodal
involvement, tumor diameter, and surgical margin status. As pre-
sented in Table 2, two factors remained specific in this model: nodal
involvement and CA 19-9 level. Patients with CA 19-9 � 180 had a
significantly increased risk of death compared with their counterparts
with CA 19-9 lower than 180 (P � .0001; HR, 3.58). The magnitude of

this impact was far greater than that seen with lymph node involve-
ment (P � .004; HR, 1.46).

Using the cutoff of 90 U/mL, all but two patients (96% of n � 42)
were dead at last follow-up and 73% (128 of total 176) of patients with
CA 19-9 lower than 90 had died. The median survival time for patients
with CA 19-9 � 90 was 23 months while for patients with CA 19-9
higher than 90 had a median survival of 10.4 months (P � .0001; Fig
3). Three-year survival was 2% for patients with CA 19-9 higher than
90% and 32% for patients with CA 19-9 � 90.

In the multivariate model, with CA 19-9 � 90 versus higher than
90 substituted (Table 3), the independent predictors of survival were
again CA 19-9 level, and lymph node involvement. With a postresec-
tion CA 19-9 higher than 90 U/mL, patients had a highly significant
increased risk of death (HR, 3.34; P � .0001) compared with those
with a value less than or equal to that cutoff. Again, this was the most
important predictor of death in this cohort of patients.
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CA19-9 < 180 220 164 93 56 39 22
Lewis
   Antigen–Negative 132 94 46 29 21 10
CA19-9 ≥ 180 33 10 3 0 0 0

Fig 2. Kaplan-Meier survival curve by CA 19-9 with 180 cutoff.

Table 1. Baseline Demographics

Demographic

Lewis Ag
Negative

CA 19-9

P

� 180 � 180

No. % No. % No. %

Median age, years 60 64 63
Range 37-83 35-84 41-77

Sex .36
Male 74 56 128 58 23 70
Female 58 44 92 41 10 30

T stage .16
T1, T2 23 17 57 26 9 27
T3, T4 109 83 163 74 24 73

N stage .26
N0 37 28 80 36 10 30
N1 95 72 140 64 23 70

AJCC stage .08
I, II 101 77 143 65 23 70
III, IVA 31 23 77 35 10 30

Surgical margin .35
R0 50 38 87 40 17 52
R1 51 39 71 32 11 33
Unknown 31 23 62 28 5 15

Tumor size, cm .048
� 3 56 42 96 44 7 21
� 3 76 57 124 56 26 79

Abbreviation: AJCC, American Joint Committee on Cancer.

Table 2. Multivariate Analysis: Lewis Antigen Negative v CA
19-9 � 180 v CA 19-9 � 180

Adjustment Variable Adjusted HR 95% CI P �

Gemcitabine v FU 1.23 0.97 to 1.54 .08
CA 19-9

� 180 — — —
� 180 3.58 2.40 to 5.34 � .0001
Lewis antigen negative 1.12 0.87 to 1.44 .37

Nodal involvement
No v yes 1.46 1.13 to 1.89 .004

Tumor diameter, cm
� 3 v � 3 1.07 0.83 to 1.37 .60

Surgical margin status
Negative — — —
Positive 1.24 0.94 to 1.63 .13
Unknown 1.96 0.71 to 1.30 .78

Abbreviations: HR, hazards ratio; FU, fluorouracil.
�P from �2 test using the Cox proportional hazards model.
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DISCUSSION

CA 19-9 was first described by Koprowski et al11 in 1979; since that
time, it has become the most important tumor marker for pancreatic
cancer. It is a carbohydrate tumor-associated antigen which was actu-
ally first isolated from a human colorectal cancer cell line. It is a
derivative of lacto-N-fucopenteose II (sialyl-Lewis[a], hapten of hu-
man Lewis[a] blood-group determinant).12 Because of this, CA 19-9
levels detected by conventional antibody tests may be influenced by
Lewis blood group phenotypes. In fact, people with a Lewis negative
phenotype will have an undetectable CA 19-9 level—this is present in
5% to 10% of the population.13 In a previous study from FCCC, this
population comprised 5% of patients over a 12-year period.14

Several hundred reports worldwide have attested to the clinical
usefulness of CA 19-9 in the diagnosis, prognosis, and monitoring of
patients with pancreatic cancer. In particular, a few studies have dem-
onstrated that serum CA 19-9 is an independent predictor of survival

after resection. In a small study by Beretta et al,15 the authors found
that in seven patients whose postresection CA 19-9 never returned to
normal, no patient survived longer than 7 months (median, 4.8).
However, in seven patients who had a normal postoperative CA 19-9
level, median survival was 17.3 months (P � .005). In another study
from the Surgery Branch of the National Cancer Institute, Glenn et
al16 also demonstrated that a return to normal of the serum CA 19-9
level after surgery was associated with a significantly longer survival
than those who never returned to normal range (P � .005).

This observation was taken further by Montgomery et al from
FCCC. These authors studied 32 patients who underwent resection of
pancreatic cancer over an 8-year period. They confirmed earlier find-
ings by demonstrating that patients whose CA 19-9 values returned to
normal between 3 and 6 months after surgery had a longer survival
compared with those whose CA 19-9 did not (34 v 13 months;
P � .04).7 They then looked at the best threshold value for the 1- to
3-month time period postoperatively because this is when the major-
ity of patients will begin their adjuvant therapy. This analysis revealed
patients with CA 19-9 values lower than 180 U/mL in this time period
had similar disease-free and overall survival to that of patients with
normal CA 19-9 values measured between 3 and 6 months postoper-
atively.7 In another analysis of postoperative CA 19-9 levels, Ferrone et
al from the Massachusetts General Hospital demonstrated that pa-
tients with a postoperative CA 19-9 higher than 200 U/mL had a
significantly worse survival by univariate and multivariate analysis
than those with CA 19-9 � 200 U/mL.17 These same authors demon-
strated that the strongest univariate predictor of overall survival was
whether a patient’s CA 19-9 decreased after surgery—this was also an
independent predictor of improved survival.17 In this study, we did
not evaluate preoperative CA 19-9 levels nor does the current analysis
evaluate trends in CA 19-9 during the follow-up period. Based on the
availability of these data, a future analysis may be performed.

While the significance of an elevated postoperative CA 19-9 is
clear, the pathophysiology is not. These elevated levels could be due to
tumor burden, spread of disease, or differences in the biologic behav-
ior of tumors. In addition, there may be postoperative pancreatic
inflammation or ductal irritation—indeed, Montgomery et al found
that the time period in which CA 19-9 values returned to normal
ranged from 2 months to 1 year. Finally, other factors related to the
production, secretion, and metabolism of CA 19-9 probably play a
role in these variations because a significant overlap between individ-
ual CA 19-9 values has been demonstrated.18

Another interesting observation from this trial was the unexpect-
edly high percentage of patients who were determined to be Lewis
antigen negative. All patients who enrolled on RTOG 9704 had their
RBC phenotype for Lewis A and Lewis B antigens determined by the
laboratory/blood bank of the enrolling institution. If patients were
determined to be positive at either the A or B locus, their serum was
sent to the RTOG tissue bank (LDS Hospital in Utah) to have enzyme-
linked immunosorbent assay performed for CA 19-9. If testing for A
and B were both negative, the patient was determined to be Lewis
antigen negative and thus have an undetectable CA 19-9.6 In this trial,
the rate of Lewis Antigen–negative patients was 34% which is much
higher than has ever been seen in any previous retrospective analysis. It
is unclear whether this is a phenomenon of variations in testing for the
Lewis A and B antigens in local laboratories (likely) or the percentage
of Lewis Antigen patients is really close to 30% (less likely). For the
purposes of data collection, patients were designated as either Lewis
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Fig 3. Kaplan-Meier curve for overall survival by CA 19-9 with 90 cutoff.

Table 3. Multivariate Analysis: Lewis Antigen Negative v CA
19-9 � 90 v CA 19-9 � 90

Adjustment Variable Adjusted HR 95% CI P �

Gemcitabine v FU 1.21 0.96 to 1.52 .11
CA 19-9

� 90 — — —
� 90 3.34 2.4 to 4.64 � .0001
Lewis antigen negative 1.22 0.94 to 1.58 .13

Nodal involvement
No v yes 1.46 1.12 to 1.94 .004

Tumor diameter, cm
� 3 v � 3 1.11 0.87 to 1.42 .39

Surgical margin status
Negative — — —
Positive 1.12 0.87 to 1.47 .40
Unknown 0.92 0.68 to 1.24 .56

Abbreviations: HR, hazards ratio; FU, fluorouracil.
�P from �2 test using the Cox proportional hazards model.
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antigen positive or negative. We do not have data available as to the
percentages of Lewis A and B positive, Lewis A negative B positive, and
Lewis A positive B negative. The survival analysis shows that these
patients had similar survival to those patients with CA 19-9 lower than
180 U/mL. This is contrary to the findings of Berger et al;14 however,
this does represent a much larger and prospective cohort unlike the
retrospective evaluation of seven patients. It is clear that future pro-
spective trials that examine CA 19-9 as an end point should probably
use a central laboratory for both determination of Lewis antigen status
as well as CA 19-9 level.

When RTOG 9704 was conceived in the mid-1990s, the principal
investigators made a conscious decision to make the evaluation of
postoperative CA 19-9 as a secondary end point based on the previous
work at FCCC. In January 2007, the results of an adjuvant chemother-
apy trial from Germany were published. In this trial (CONKO-001),
patients with a CA 19-9 level higher than 2.5 times the upper limit of
normal (�90) were deemed ineligible.5 With the results of this posi-
tive trial, an analysis of CA 19-9 less than 90 versus � 90 U/mL was also
undertaken. Briefly, the CONKO-001 trial was a randomized con-
trolled phase III trial from Germany in which patients who had un-
dergone curative resection for pancreatic cancer were randomly
assigned to adjuvant gemcitabine (weekly, 1,000 mg/m2, every 3 of 4
weeks for six cycles) or observation.5 The primary end point for this
trial was disease-free survival, and this end point was met with a
significant benefit in the treatment group (13.4 months) versus the
control arm (6.9 months; P � .001). There was not a significant
difference in overall survival between the treatment (median, 22.1
months; 3 years, 34%) and control (median, 20.2 months; 3 years,
20.5%).5 Interestingly, the median and 3-year overall survival for
patients on 9704 with CA 19-9 � 90 U/mL was 23 months and 32%
which compares favorably with these results.

The results of this analysis of postoperative CA 19-9 level are
important because they clearly identify a subgroup of patients who
have a much higher risk of death. When a CA 19-9 cutoff of 180 U/mL
is used, there were 33 patients with CA 19-9 higher than 180, of whom,

none survived 3 years. These patients were 3.52 times more likely to die
of pancreatic cancer than patients with CA 19-9 lower than 180 U/mL.
Using this cutoff point defines a population of patients with stage I and
II disease (by the current staging system) who will need an intensifica-
tion of their postoperative treatment to improve survival. Future ad-
juvant chemoradiotherapy trials should stratify patients by CA 19-9
level and/or possibly exclude patients with CA 19-9 � 90 U/mL.

In summary, serum CA 19-9 is an important tumor marker for
patients with pancreatic adenocarcinoma. In the postoperative set-
ting, the CA 19-9 level can be used as a predictor of overall survival.
Patients with a postoperative CA 19-9 level � 180 U/mL have a
significantly worse survival than those patients with CA 19 lower than
180 U/mL. These patients should be considered for alternative sys-
temic therapy or chemoradiotherapy protocols. In addition, future
phase III adjuvant trials should stratify patients by CA 19-9 values.
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