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Chemotherapy in Borderline Resectable Pancreatic Cancer
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/ABSTRACT

Background. As neoadjuvant therapy of borderline resect-
able pancreatic cancer (BRPC) is becoming more widely
used, better indicators of progression are needed to help
guide therapeutic decisions.

Materials and Methods. A retrospective review was per-
formed on all patients with BRPC who received 24 weeks of
neoadjuvant chemotherapy. Patients with chemotoxicity or
medical comorbidities limiting treatment completion and
nonexpressors of carbohydrate antigen 19-9 (CA19-9) were
excluded. Serum CA19-9 response was analyzed as a predic-
tor of disease progression, recurrence, and survival.

Results. One hundred four patients were included; 39 (37%)
progressed on treatment (18 local and 21 distant) and
65 (63%) were resected (68% RO). Multivariate logistic
regression analysis determined that the percent decrease in
CA19-9 from baseline to minimum value (odds ratio [OR]

0.947, p < .0001) and the percent increase from minimum
value to final restaging CA19-9 (OR 1.030, p < .0001) were
predictive of progression. A receiver operating characteristics
curve analysis determined cutoff values predictive of pro-
gression, which were used to create four prognostic groups.
CA19-9 responses were categorized as follows: (1) always
normal (n =6); (2) poor response (n = 31); (3) unsustained
response (n = 19); and (4) sustained response (n = 48). Median
overall survival for Groups 1-4 was 58, 16, 20, and 38 months,
respectively (p < .0001).

Conclusion. Patients with initially elevated CA19-9 levels
who do not have a decline to a sustained low level are at
risk for progression, recurrence, and poor survival. Alterna-
tive treatment strategies prior to an attempt at curative re-
section should be considered in this cohort. The Oncologist
2020;25:859-866

Implications for Practice: This study identified percent changes in carbohydrate antigen 19-9 blood levels while on chemo-
therapy that predict tumor growth in patients with advanced pancreas cancer. These changes could be used to better select
patients who would benefit from surgical removal of their tumors and improve survival.

INTRODUCTION

Adenocarcinoma of the pancreas is the fourth leading cause
of cancer-related death in the U.S. [1]. Surgical resection offers
the best opportunity for cure. However, less than 20% of
patients are considered to be upfront resectable, and more
than 50% of patients have metastatic disease at presentation
[2]. The other 30% of patients have either unresectable
(locally advanced) or borderline resectable pancreas cancer

(BRPC) by various consensus criteria [3, 4]. Treatment of
patients with BRPC is a topic of great debate with only a few
phase lll randomized trials to guide treatment type or dura-
tion [5, 6]. Many centers use neoadjuvant chemoradiotherapy
or chemotherapy alone in this subpopulation and are
reporting a median overall survival approaching 3 years [7-9].
However, up to 40% of patients will progress on neoadjuvant
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treatment [10]. It is unknown if this represents treatment fail-
ure or the natural progression of a systemic disease.

Previous studies have attempted to identify predictors
of progression before or during treatment. Tumor charac-
teristics such as size and response by radiographic
criteria have been evaluated and not shown to be predic-
tive [11, 12]. Tumor response to treatment as measured
by changes in F-fluorodeoxyglucose positron emission
tomography/computed tomography (CT) scan avidity have
shown some promise but are expensive and can be con-
founded by pancreatitis or biliary endoprostheses [13].
Serum carbohydrate antigen 19-9 (CA19-9) is a sialylated
Lewis antigen generated by exocrine epithelial cells [14].
It has been used to track response to treatment, guide the
use of diagnostic laparoscopy, and monitor for tumor
recurrence [15-18]. CA19-9 can be elevated in many types
of gastrointestinal malignancies as well as with benign
biliary obstructions [19, 20]. Up to 10% of the population
may not express CA19-9 owing to a lack of fucosyltransferase,
an enzyme required for its production [21, 22]. It has been
shown that serum CA19-9 levels over 1,000 U/mL are associ-
ated with worse overall survival, but this has not correlated
with response to neoadjuvant treatment [23]. In patients
undergoing systemic treatment, a 50% reduction in pre-
treatment CA19-9 levels or a normalization of CA19-9 have
been associated with resectability and survival [24, 25]. A
recent study suggested that any elevation in CA19-9, regard-
less of tumor stage, may predict poor survival [26]. For
patients on treatment for metastatic disease, any decrease in
CA19-9 at 8 weeks has been associated with an increased
overall survival [27]. Some authors have combined radio-
graphic response by RECIST and a 30% CA19-9 decrease from
pretreatment to postneoadjuvant levels and found an additive
benefit in predicting resection and survival [28].

Although there have been many retrospective reports
proposing prognostic biomarkers in pancreas cancer, none
of these biologic surrogates are able to accurately predict
progression of disease while treatment is ongoing. Using
50% reduction in pretreatment CA19-9 is only useful at the
completion of treatment to help identify patients most
likely to benefit from resection. Basing resectability on nor-
malization of CA19-9 does not account for degree of
response to treatment and may have reduced sensitivity.
We hypothesized that more frequent measurement of
CA19-9 response in patients undergoing neoadjuvant treat-
ment for BRPC would identify more dynamic changes than
just measuring at the initiation and completion of treat-
ment, thereby allowing for better risk stratification of
patients at risk for disease progression.

MATERIALS AND METHODS

Patient Selection Criteria

Consecutive patients evaluated from August 2009 to
February 2017 with AHPBA/SSO consensus criteria—
defined borderline resectable pancreatic head cancer
were reviewed by a multidisciplinary tumor board and
offered 24 weeks (eight cycles) of gemcitabine/doce-
taxel-based neoadjuvant chemotherapy [3]. Radiation
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was considered if local progression occurred. Patients
were tracked in a prospectively maintained database with
institutional review board approval. Clinical variables
were collected by retrospective review of the electronic
medical record and billing data. Initial staging included a
thin slice pancreatic protocol CT scan, chest x-ray or chest
CT, and a diagnostic laparoscopy with peritoneal wash-
ings prior to starting therapy. Patients were excluded
from analysis if they were found to have metastatic dis-
ease at initial staging, received any element of neo-
adjuvant therapy at an outside institution, discontinued
neoadjuvant treatment because of intercurrent illness or
treatment toxicity precluding resection, or never had a
measurable serum CA19-9 level. Patients experiencing
significant toxicity or progression with gemcitabine or
docetaxel were switched to second-line therapy. Patients
were restaged at our institution by computed tomography
and serum tumor markers every 2 months while on treat-
ment. After completing the neoadjuvant chemotherapy regi-
men, patients were restaged and considered for surgical
resection if their disease had not progressed by RECIST 1.1
criteria and had reconstructable vascular involvement and if
they were medically fit for surgery [29].

Surgical Resection

Patients were offered either standard or pylorus-preserving
pancreatoduodenectomy based on surgeon preference.
A single patient had a total pancreatectomy. Venous re-
section and reconstruction was performed whenever
portomesenteric venous involvement was suspected intra-
operatively. Drains were placed at the discretion of the sur-
geon. Surgical resection margins were inked by the
pathologist in the presence of the surgeon and evaluated
according to the Leeds protocol. Margins were considered
positive if microscopic tumor was present within 1.0 mm of
any inked section [30].

Serum Carbohydrate Antigen 19-9 Evaluation

All serum CA19-9 levels were collected from the medical
record from the date of neoadjuvant chemotherapy initiation
through the date of final restaging. Serum CA19-9 levels were
typically drawn prior to each chemotherapy infusion. Values of
CA19-9 with concomitant total serum bilirubin greater than
1.2 mg/dL were excluded from analysis. Serum CA19-9 levels
were determined by the Abbott i2000 Architect, CA 19-9XR2
assay (Abbott Diagnostics, Abbott Park, IL) with normal values
being <37.5 U/mL. Patients with all recorded CA19-9 values <3
U/mL (undetectable) were considered nonexpressors.

Definition of Progression

Progression was defined as meeting RECIST 1.1 criteria or
one of the following: (a) development of cytology-positive
ascites, (b) radiographic evidence of local tumor progression
precluding resection as determined by responsible surgeon,
or (c) attempted resection with intraoperative findings of
local unresectability or metastatic disease.

Statistical Analysis

Comparison of categorical variables was performed by a
Fisher’s exact test and continuous variables by Mann-
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Whitney U test. Univariate and multivariable logistic regres-
sion were used to determine influence of clinicopathologic
parameters on progression. Kaplan-Meier curves were gen-
erated to determine survival with the date of neoadjuvant
therapy initiation as the starting point. Date of imaging or
biopsy proving recurrence was used as the endpoint for
disease-free survival (DFS) calculations. Statistical signifi-
cance was defined as having a p value of <.05. Statistical
analysis was performed with MedCalc 18.6 software
(Mariakerke, Belgium).

RESULTS

Patient Selection

One hundred twenty-six patients with borderline resectable
pancreatic head cancer were started on neoadjuvant treatment
during the study period (Fig. 1). Fifteen patients were excluded
secondary to intercurrent illness (combination of disease
related and unrelated) or treatment-related toxicity that
prevented completion of full-course neoadjuvant chemother-
apy. Seven patients never had a serum CA19-9 >3 U/mL
(undetectable). One hundred four patients completed a
median of 178 days (25 weeks) of neoadjuvant therapy;
28 patients (26%) were determined to be unresectable at final
restaging and 76 (74%) underwent abdominal exploration with
an attempt at resection. Eleven of the 76 patients (14.5%) who
underwent exploration were found to be unresectable (6 local
progression and 5 distant disease). Hence, a total of 39 patients
(37%) were found to progress on neoadjuvant chemotherapy
and 65 (63%) were resected with curative intent. Three
patients who were judged to be unresectable after complet-
ing all neoadjuvant chemotherapy underwent neoadjuvant
chemoradiation and then were resected for cure. Of the
28 patients who progressed prior to attempted resection,
16 had distant disease, 7 had local progression by radio-
graphic imaging criteria, and 5 had local progression
preventing resection based on anatomy. Of the 65 patients
who underwent resection, 53 (82%) had adjuvant treatment
(24 chemotherapy only and 29 chemoradiotherapy).

Demographics

Patient demographics and neoadjuvant treatment infor-
mation are shown in Table 1. Basic demographics and
chemotherapy toxicity requiring change in agents was
similar between those who progressed and those
who did not. Patients who progressed were less likely
to have completed all intended chemotherapy (74%
vs. 94%; p = .007).

CA19-9 Response

Serum CA19-9 response characteristics are reported in
Table 2. Patients had a median of 12 laboratory values on
treatment. There was no difference between baseline and
maximum CA19-9 levels in patients who progressed and
those that did not. An equal percentage of patients had a
normal CA19-9 throughout treatment in each cohort.
Patients with progression had higher CA19-9 levels at nadir
(47 vs. 17; p =.0007) and final restaging (191 vs. 36;
p <.0001). Patients with progression had less of a decrease
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126 Patients eligible ——— > 22 Excluded

10 Intercurrent iliness 2
7 CA19-9 non-expressors
5 Toxicity related

104 Included for study —————> 28 Radiographic progression
(26%) 16 Distant disease
7 Local progression by RECIST
(74%) 5 Anatomic progression precluding resection

11 Aborted resection
(1 1 %) 6 Locally unresectable
(63%) 5 Distant disease

76 Surgical candidates

65 Underwent resection
44 Margin Negative
21Margin Positive

Figure 1. Consort diagram depicting patient treatment schema.
Includes both disease-related (e.g., pulmonary embolism) and
unrelated (e.g., myocardial infarction) illnesses.

Abbreviation: CA19-9, carbohydrate antigen 19-9.

of CA19-9 levels at nadir and final restaging and had a
larger increase from nadir to final restaging. Patients who
did not progress were more likely to have a normal CA19-9
at any time and at final restaging.

Regression Analysis

Logistic regression was performed to determine correlation
of CA19-9 response to progression (Table 3) using absolute
values of response (baseline, maximum, minimum, and final
restaging values) as well as relative response (percent
change from baseline to minimum, minimum to final, and
baseline to final). None of the absolute values correlated
with progression. However, the percent change from base-
line CA19-9 to minimum value (odds ratio [OR] 0.947
[0.919-0.976]; p < .0001) and minimum value to final
CA19-9 value (OR 1.030 [1.011-1.049]; p <.0001) did corre-
late with progression on both univariable and multivariable
analyses.

Receiver Operating Characteristics Curve Analysis

A receiver operating characteristics (ROC) curve was created
to determine the optimal predictive cutoff value for pro-
gression of the two variables found correlative by multivari-
able regression (supplemental online Fig. 1; supplemental
online Table 1). The percent change from baseline to mini-
mum CA19-9 value had an area under the curve (AUC) of
0.757 £+ 0.05 with an optimal cutoff of <78% based on
Youden’s method (p < .0001). The minimum to final res-
taging CA19-9 had an AUC of 0.688 + 0.5 with an optimal
cutoff of >66% (p = .0004).

Survival Analysis

Median overall survival (OS) was 27, 15, and 38 months for
all patients, those that progressed on treatment, and those
that were resected, respectively. Disease-free survival for
resected patients was 24.6 months. A Cox proportional haz-
ards regression was performed for the same absolute and
relative CA19-9 variables used in the logistic regression
(Table 4). Mirroring our findings with preoperative progres-
sion, we found the percent change from baseline CA19-9 to
minimum value (hazard ratio [HR] 0.975 [0.963-0.987];
p < .0001) and minimum value to final CA19-9 value
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Table 1. General demographics

Characteristic All patients Progressed No progression p value
No. of patients 104 39 65
Age, years 66 (59-73) 66 (60-74) 65 (59-72) .566
Male, n (%) 53 (51) 23 (59) 30 (46) 229
Changed agents, n (%) 10 (10) 2(5) 8(12) 314
Completed intended chemotherapy, n (%) 90 (87) 29 (74) 61 (94) .007
Duration of neoadjuvant, days 178 (168-194) 182 (156-203) 178 (172-191) .963
Had neoadjuvant radiation 3(3) 0 (0) 3(5) —
Adjuvant therapy, n (%resected) 53 (51) - 53 (82) -

Data are presented as the median (interquartile range) unless otherwise indicated.

Abbreviation: —, no data.
Table 2. Response to treatment
Characteristic All patients Progressed No progression p value
No. of patients 104 39 65
No. of CA19-9 levels reported 12 (10-14) 12 (9-14) 13 (11-14) .502
Initial CA19-9, U/mL 364 (80-1,514) 342 (52-1,391) 563 (114-1,655) .334
Maximum CA19-9, U/mL 520 (122-1,586) 453 (106-1,517) 562 (125-1,661) .690
Minimum (nadir) CA19-9, U/mL 25 (12-105) 47 (20-165) 17 (10-56) .0007
Final restaging CA19-9, U/mL 60 (21-263) 191 (50-659) 36 (15-145) <.0001
CA19-9 % decrease (baseline to minimum) 90 (70-97) 70 (58-85) 94 (91-96) <.0001
CA19-9 % increase (minimum to final) 43 (22-71) 64 (36-80) 33 (12-59) .001
CA19-9 % increase (penultimate to final) 11.5 (-10 to 34) 16 (3-38) 6 (15 to 29) .096
CA19-9 % decrease (baseline to final) 76 (39-94) 37 (8-53) 90 (81-94) <.0001
Always normal, n (%) 6 (6) 2 (5) 4 (6) >.999
CA19-9 ever normal, n (%) 64 (62) 17 (44) 47 (73) .006
Final CA19 normal, n (%) 41 (40) 6 (15) 35 (54) .0001
Days to normal 53 (21-91) 28 (11-56) 63 (21-91) .046

Data are presented as the median (interquartile range) unless otherwise indicated.

Abbreviation: CA19-9, carbohydrate antigen 19-9.
Table 3. Logistic regression of CA19-9-related variables associated with progression

Univariate Multivariate

Characteristic Odds ratio 95% CI p value 0Odds ratio 95% CI p value
CA19-9 decrease baseline to minimum, % 0.958 0.937-0.979 <.0001 0.947 0.919-0.976 <.0001
CA19-9 increase minimum to final, % 1.027 1.009-1.039 .001 1.030 1.011-1.049 <.0001
CA19-9 decrease baseline to final, % 0.999 0.999-1.000 .230
Baseline CA19-9, U/mL 1.000 1.000-1.000 .895
Maximum CA19-9, U/mL 1.000 1.000-1.000 .964
Minimum CA19-9, U/mL 1.000 1.000-1.003 .076
Final CA19-9, U/mL 1.000 1.000-1.000 714

Abbreviations: CA19-9, carbohydrate antigen 19-9; Cl, confidence interval.

(HR 1.017 [1.007-1.027]; p < .0001) to be strongly corre-
lated with overall survival. Using the cutoff values deter-
mined by ROC analysis, four predictive Groups were
created: (1) patients with an “always normal” CA19-9,
(2) those that fail to have a 78% CA19-9 decrease during
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treatment (poor response), (3) those who had a 78%
decrease but a subsequent rise from nadir to final restaging
of >66% (unsustained response), and (4) those with a >78%
decrease and a “sustained response.” Representative
patient CA19-9 curves are depicted in Figure 2 with a
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Table 4. Cox proportional hazards regression of continuous variables related to CA19-9 response
Univariate Multivariate

Characteristic Hazard ratio 95% CI p value Hazard ratio 95% ClI p value
CA19-9 decrease baseline to minimum, % 0.981 0.972-0.990 .0002 0.975 0.963-0.987 <.0001
CA19-9 increase minimum to final, % 1.015 1.006-1.023 .001 1.017 1.007-1.027 <.0001
CA19-9 decrease baseline to final, % 1.000 0.999-1.000 .095

Baseline CA19-9, U/mL 1.000 1.000-1.000 431

Maximum CA19-9, U/mL 1.000 1.000-1.000 .232

Minimum CA19-9, U/mL 1.001 1.000-1.002 .014

Final CA19-9, U/mL 1.000 1.000-1.000 .013

Abbreviations: CA19-9, carbohydrate antigen 19-9; Cl, confidence interval.

CA19-9 always <37.5 U/mL

No
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CA19-9 fails to decrease >78%
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Figure 2. Flow diagram with representative graphs of each response Group. Always normal (Group 1 not shown), poor response
(Group 2), unsustained response (Group 3), sustained response (Group 4).

Abbreviation: CA19-9, carbohydrate antigen 19-9.

flowchart defining these response groups. Median OS for
response Groups 1-4 was 58, 16, 20, and 38 months,
respectively (p < .0001), whereas median DFS for
response Groups 2—-4 was 16, 14, and 31 months, respec-
tively (p =.0004), with Group 1 not reaching median
(Fig. 3). Subgroup analysis found no difference in OS
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(34 vs. 41 months; p =.633) between patients in Group
4 who had normalization of CA19 levels (n = 31) and those
did not (n =17). Adjuvant treatment was varied across
response groups, and no conclusions regarding differ-
ences between cohorts could be determined (supplemen-
tal online Table 2).
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Figure 3. Overall and disease-free survivals. (A): Overall survival for response Groups 1-4 with associated medians of 58, 16,
20, and 38 months, respectively. (B): Disease-free survival for response Groups 1-4 with associated medians of no recurrence,

16, 14, and 31 months, respectively.

Abbreviations: CA19-9, carbohydrate antigen 19-9; Cl, confidence interval.

Discussion

More than one third of patients treated with neoadjuvant
therapy for BRPC will progress on treatment. There is cur-
rently no reliable tumor marker or radiographic method to
predict progression before or during treatment. Radio-
graphic response to treatment has not been accurate in the
neoadjuvant setting for pancreatic cancer [11]. High initial
CA19-9 values were originally thought to be predictive of
poor outcomes, but contemporary data suggest no correla-
tion [23, 31]. More recent data suggest that, even in early-
stage resectable disease, any elevation of serum CA19-9
may be associated with worse outcomes compared with
patients with normal or unmeasurable levels [26]. Various
relative or absolute decreases in CA19-9 after neoadjuvant
treatment have shown promise in guiding resectability or
predicting survival [15, 24, 28]. However, these metrics are
based on two snapshots in time and this linear interpreta-
tion may not fully represent the entire spectrum of an indi-
vidual’s tumor biology.

To investigate whether serum CA19-9 response to neo-
adjuvant treatment could be predictive of tumor progres-
sion, we analyzed consecutive patients from 2009 to 2017
with borderline resectable tumors that initiated eight cycles
of extended neoadjuvant chemotherapy at our institution.
We excluded patients with intercurrent illness and toxicity
precluding resection to focus our investigation on the prog-
nostic ability of CA19-9 independently of medical fitness.
One hundred four patients met inclusion criteria, 87% com-
pleted all eight cycles of chemotherapy, and 63% under-
went resection for cure. Multivariable logistic regression
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and Cox proportional hazards analysis determined percent
change from baseline to final restage and minimum to final
restage CA19-9 correlated with both progression and sur-
vival. Care should be taken in interpreting these odds ratios
as they correlate with changes in continuous variables;
therefore, every percent change in CA19-9 response com-
pounds the risk. For example, a 78% decrease in CA19-9
from baseline represents a fourfold risk reduction in pro-
gression. ROC analysis was used to provide optimal cutoffs
to create informed prognostic response groups.

Patients in response Group 1 had consistently normal
serum CA19-9 values and a very favorable median overall sur-
vival of 58 months. These patients represented 6% of our
cohort. Four patients in response Group 1 were resected,
whereas two had local progression that prevented resection.
The 31 patients in response Group 2 had a poor response to
treatment with CA19-9 declines of <78%. Twenty-one of the
31 (68%) progressed on treatment. This response was associ-
ated with a median overall survival (16 months) that was
equivalent to unresected patients (15 months). Interestingly,
Group 3 patients, who initially had a good response to treat-
ment but had a subsequent >66% rise from their nadir to final
CA19-9 value, had an OS of 20 months, which was not statisti-
cally different from Group 2. Of the 19 patients in Group
3, 10 progressed on treatment (5 distant disease, 5 local) and
all had disease recurrence. Of the 48 patients in Group 4, only
6 progressed on treatment (3 distant, and 3 local only). These
patients with sustained CA19-9 responses to treatment did
very favorably with an OS of 38 months and a DFS of 31. A
subgroup analysis of patients in Group 4 that had
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normalization of final CA19-9 (n = 31) versus those that did
not (n =17) found equivalent OS of 34 versus
41 months (p = .633).

Our observations are contrary to previous studies that
reported normalization of CA19-9 is a strong predictor of
improved survival. Our study is unique in that the relative
response in CA19-9 over time, even when it does not
normalize, is a better predictor of progression and overall
survival than absolute response [25]. A recent study
looked at both normalization of CA19-9 and relative
change between baseline and final values and found that
normalization was a better predictor of OS [32]. Our data
support this finding in that the change between baseline
CA19-9 and final value is not predictive of survival (HR 1);
however, we propose that a change from baseline to
minimum is more predictive than an absolute value
(e.g., normalization), with every 1% decrease representing
a 0.025% reduction in risk of death. This illustrates how
important it is to follow CA19-9 values more frequently to
accurately determine a true nadir. A normalized value in
our study was not as specific for progression on neo-
adjuvant treatment or overall survival as the relative drop
from baseline to nadir. Relying solely on normalization
would have falsely predicted a poor response in nearly a
third of patients in Group 4, all of whom who had similar
OS on subgroup analysis.

As neoadjuvant treatment of borderline resectable pan-
creatic cancer becomes more common, many questions
regarding best practices remain. Current regimens are typi-
cally gemcitabine or 5-flurouracil based, may include radia-
tion, are given over 3—6 months, and have median survivals
approaching 3 years [7, 8]. There are no published clinical
trials establishing superiority of one neoadjuvant approach
over another for patients with borderline resectable pan-
creatic cancer. However, the current study suggests that
CA19-9 response over time may be a way to individually tai-
lor neoadjuvant treatment for patients with variable prog-
nosis. It is unclear if the unsustained response noted in
response Group 3 is a result of biologically more aggressive
disease, the development of resistance to specific chemo-
therapy, or emergence of a new tumor clonal population or
if it represents a missed opportunity for resection during an
extended course of neoadjuvant treatment. We cannot
comment on how the length of treatment may have
affected the survival outcomes of patients in Group 3 or
whether earlier resection may have prevented progression.
However, analysis of this group does provide a natural-
history observation of CA19-9 kinetic response during sys-
temic treatment and identifies a threshold of elevation
from nadir that may be considered prognostic of progres-
sion. Further study will be necessary to better understand
this particular group of patients.

This study is limited by its retrospective nature.
Response Groups 1 and 2 were somewhat underrepre-
sented, although we feel that good outcomes in patients
with always normal (Group 1) or poor outcomes in patients
with limited or no biochemical response to treatment
(Group 2) is not an unexpected finding and consistent with
prior reports. Determining progression is difficult in this
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population, and surgeon bias is also introduced by their
judgment of resectability. However, this is unavoidable
given the multiple anatomic considerations required for a
successful resection. The retrospective nature of the study
makes it hard to determine if chemotherapeutic agents
were changed in response to CA19-9 trends, and this could
introduce a confounder that was not controlled for. How-
ever, this occurred in only 10% of patients. Adjuvant treat-
ment was not standardized and may confound the results;
however, this variability is present across all response
groups. Differences in commercially available CA19-9 assays
may also change cutoff values used to define high-risk
response groups, so it would be worthwhile investigating
whether or not similar results are found across the spec-
trum of different assays prior to adoption [33]. Patients
who did not express CA19-9 were excluded from analysis as
the focus of this study was on using CA19-9 response during
treatment prognostically, and this could not be done if a
serum level was unmeasurable.

CONCLUSION

A decline in CA19-9 that is sufficient and sustained in
patients with BRPC receiving neoadjuvant chemotherapy is
predictive of better outcomes than patients without this
biochemical response. These findings should be validated in
a larger patient cohort before widespread clinical applica-
tion. If confirmed, alternative strategies should be consid-
ered prior to an attempt at resection in this cohort.
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