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ABSTRACT

Aim: Pancreatic adenocarcinoma (PA) is the seventh most common cause of cancer-related mortality. Our primary endpoint
of study was to determine the relationship between albumin/globulin ratio (AGR) and progression-free and overall survival
(PES and OS) in second-line treatment after FOLFIRINOX. Our secondary endpoint was to assess treatment side effects and
the relationship of treatment dose intensity with treatment type and AGR.

Material and Method: PA patients who followed-up between January 2014 and January 2021 were evaluated retrospectively.
Age, gender, ECOG score and AGR recorded at the beginning of the second-line treatment. Thrombocytopenia, neutropenia,
chemotherapy type, chemotherapy dose intensity, PFS and OS were recorded during the second-line treatment.

Results: Median age 64 (44-80), 72 (70.6%) male, 102 metastatic PA patients were evaluated. 76 (74.5%) patients were ECOG
0-1, 26 (25.5%) patients were ECOG 2. Of these patients in the second step, 68 (66.7%) received single-agent gemcitabine and
34 (33.3%) received Nab-paclitaxel + gemcitabine treatment. Progression and exitus events occurred in all cases. Median PFS
was 166.8 days in the AGR>1.2 group, it was 80.7 days in the AGR<1.2 group (p=0.003). While the median OS was 295.7 days
in the AGR>1.2 group, it was 144 days in the AGR<1.2 group (p=0.041). Dose intensity was 80.7% in the AGR>1.2 group, it
was 71.3% in the AGR<1.2 group (p=0.002).

Conclusion: Even with palliative and advanced treatment, achieving a dose density close to 80% is a good prognostic indicator.

AGR is a prognostic marker that remains effective in advanced stages of PA.

Keywords: Pancreatic cancer, dose intensity, albumin globulin ratio

INTRODUCTION

Pancreatic adenocarcinoma (PA) is the seventh
most common cause of cancer-related mortality. It is
observed in Europe, North America and Oceania, with
the highest incidence at 7-10/10000 levels. Globocan
data predicts that the incidence will double in 2040 (1).
Incidence and mortality increases with age and peak just
above 70 years of age. PA has poor prognosis, due to its
asymptomatic early-stage clinical course and the weak
systemic treatment efficacy compared to many other
cancer types (2). Smoking, diabetes, obesity, advanced
age, ethnic and genetic factors, Helicobacter pylori
infection, non-0 blood type and chronic pancreatitis
are the main risk factors. PA is mostly associated with
environmental factors. PA constitutes 95% of pancreatic
cancers (3). PA isa difficult cancer to diagnose at an early
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stage. Jaundice, pain, acholic stools, and signs of fatigue
often accompany advanced disease. 85% of the cases are
diagnosed in the locally advanced or metastatic stage
and shows a very low 5-year survival rate (4). The rate
of familial and genetically transmitted diseases is low.
Among germline mutations, ATM, BRCA1, BRCA2,
CDKN2A, PALB2, PRSS1, STK11, TP53, and Lynch
syndrome related mismatch repair defects have been
shown (5).

The treatment approach should be multimodal.
FOLFIRINOX is the most effective treatment regimen
based on available data, following surgery in resectable
disease. In totally resected cases, a 3-year survival of
over 60% can be achieved with adjuvant FOLFIRINOX
regimen. However, FOLFIRINOX is not a regimen that
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can be tolerated by all patients. The therapeutic benefit
of single agent gemcitabine therapy is well established.
It has been found that neoadjuvant FOLFIRINOX
treatment increases the chance of resectability in
borderline resectable cases (6-8).

Progression-free survival (PFS) and overall survival
(OS) superiority of FOLFIRINOX to single-agent
Gemcitabine has also been demonstrated in metastatic
disease. Similarly, the combination of Nab-paclitaxel
with gemcitabine has shown superior results to the
single agent gemcitabine. Toxicity was observed more
frequently in combination regimens and more frequent
dose reductions were required (9,10).

Contrary to first-line therapy, comparative studies of
second-line therapeutic approaches in PA are limited.
Almost all patients who receive potent and toxic
combined regimens such as FOLFIRINOX in the first
line, receive single-agent therapy in the second line.
At this stage, a limited number of patients can tolerate
the combination of Nab-paclitaxel + gemcitabine (11).
OS benefit was demonstrated in the NAPOLI-1 study,
in which the combination of nanoliposomal irinotecan
and fluorouracil was evaluated as a second step in cases
who received a gemcitabine-based combined regimen
in the first step. The association of this benefit with the
general quality of life benefit has also been demonstrated
(12,13).

Dose density is a parameter with well-proven prognostic
value. In a study evaluating the relationship between
dose intensity of FOLFIRINOX treatment and survival
in pancreatic and other gastrointestinal cancers; relative
dose intensity cut-off of 77-79% was found to be
significant in terms of PFS and OS results (14).

Albumin and globulin are the main protein components
of human serum. Albumin has been shown to be a
prognostic marker in many cancer types, both showing
the nutritional status and being a negative acute phase
reactant (15). Globulin plays a critical role in immunity
and inflammation with its cortisol-binding function
(16). The relationship between albumin globulin ratio
(AGR) and cancer prognosis are still a controversial
issue in the literature. A meta-analysis published in
2018 found an association between low pretreatment
AGR and low OS and PFS in many cancer types. (17).

In order to show that AGR is a practical and an
inexpensive tool in terms of predictive prognostic
value and treatment planning, we aimed to evaluate its
relationship with chemotherapy dose intensity, which is
a well-proven prognostic predictor.

In our study, we aimed to evaluate the second-line cases
after FOLFIRINOX in metastatic pancreatic cancer,
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to discuss clinical and laboratory data and treatment
results, retrospectively. At this point, our primary
endpoint is to determine the relationship of patients'
AGR with PFS and OS. Our secondary endpoint is to
assess treatment side effects and the relationship of
treatment dose intensity with treatment type and AGR.

MATERIAL AND METHOD

Within the scope of ethics committee approval for
retrospective studies, approval was obtained from
the Ethics Committee of Health Sciences University
Gazi Yasargil Training and Research Hospital (Date:
08.10.2021, Decision No: 896). All procedures were
carried out in accordance with the ethical rules and the
principles of the Declaration of Helsinki.

Patients witha diagnosis of PA followed-upinthe Medical
Oncology Department of Gazi Yasargil Training and
Research Hospital between January 2014 and January
2021 were evaluated retrospectively. Inclusion criterias;
being between the ages of 18 and 70, being inoperable at
diagnosis and not suitable for local treatments, having
completed FOLFIRINOX chemotherapy in the first
line therapy, relapsed within the first 1 year after the
end of the 12 cycles of FOLFIRINOX treatment and
applied second-line treatment, and being able to receive
second-line treatment for at least 3 months.

For the FOLFIRINOX regimen, standard oxaliplatin 85
mg/m?2, irinotecan 180 mg/m2, leucovorin 400 mg/m2,
and fluorouracil 400 mg/m2 IV push followed by 2400
mg/m2 46-hour continuous IV infusion chemotherapy
every 14 days was considered. The standard 1000
mg/m2 1-8-15/28-day regimen was accepted for the
gemcitabine regimen. The nab-paclitaxel regimen
was accepted as 125 mg/m2 in combination with the
gemcitabine standard regimen for 1-8-15/28 days.

The parameters of the patients were evaluated
retrospectively; including age, gender, initial ECOG
score, initial AGR, thrombocytopenia, neutropenia,
chemotherapy type, chemotherapy dose intensity
(%),PES (days), and OS (days).

Patients were divided into two strata for AGR, >1.2 and
<1.2. The parameters of these two layers were analyzed
comparatively. AGR was calculated by; serum albumin/
(serum total protein - serum albumin).

Chemotherapy dose intensity calculation was accepted
as 100% in patients who were able to receive full dose
in all sessions of chemotherapy administered in the first
3 months of the second line chemotherapy. In those
who received missing session treatment due to delayed
treatments in the first 3 months, the dose of that missing
session was included in the dose intensity calculation
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as 0%. Treatments after 3 months were not included
in the dose intensity calculation, as it was concluded
that the dose intensity-prognosis relationship could
not be evaluated properly due to variable delays in the
treatments after the first 3 months.

Patients with total bilirubin >3, presence of biliary stent,
>3 ECOG score, creatinine levels above 1.4, presence
of clinical conditions or complications that would
interfere with oral feeding, presence of brain metastasis,
and uncontrollable pain were excluded.

SPSS 26.0 (IBM Corporation, Armonk, New York,
United States) program was used in the analysis of the
variables. The conformity of univariate data to normal
distribution was evaluated with the Shapiro-Wilk francia
test, while homogeneity of variance was evaluated with
the Levene test. In the comparison of two independent
groups according to quantitative data, the Independent-
Samples T test was used together with the Bootstrap
results, while the Mann-Whitney U test was used
together with the Monte Carlo results. In the comparison
of categorical variables with each other, Fisher Exact test
exact results and Fisher-Freeman-Holton test was tested
with Monte Carlo Simulation technique. Quantitative
variables are mean+SD in tables. (standard deviation)
and Median (Percentile 25%/Percentile 75%), while
categorical variables were shown as n (%). Variables
were analyzed at 95% confidence level, and p value less
than 0.05 was considered significant.

RESULTS

Our study included 102 metastatic PA patients with a
median age of 64 (44-80), 72 (70.6%) men, who met
the criteria. All patients progressed between 3-12
months after completion of 12 cycles of FOLFIRINOX
chemotherapy. 76 (74.5%) patients were ECOG 0-1,
26 (25.5%) patients were ECOG 2. Of these patients
in the second line, 68 (66.7%) received single-agent
gemcitabine and 34 (33.3%) received Nab-paclitaxel +
gemcitabine (Table 1).

Table 1. Clinical, laboratory and demographic characteristics of the

patients

Features
Age (median, min-max) 64 (44-80)
Gender (female, n,%) 30 (29.4%)
Ecog
0-1 (n,%) 76 (74.5%)
2+ (n,%) 26 (25.5%)
Chemotherapy
Gemsitabin (n,%) 68 (66.7%)
Gemsitabin+nabpaklitaxel (n,%) 34 (33.3%)

Comparative analysis of PFS and OS results in AGR >1.2
and AGR<1.2 groups of all cases with progression and

exitus events was performed. Median PFS was 166.8 days
in the AGR>1.2 group, it was 80.7 days in the AGR<1.2
group (p=0.003). Median OS was 295.7 days in the
AGR>1.2 group, it was 144 days in the AGR<1.2 group
(p=0.041).

When we look at the chemotherapy dose density analysis
with AGR; in both gemcitabine and gemcitabine-
nabpaclitaxel groups, it was observed that the AGR
value above 1.2 was higher than the patients with AGR
below 1.2 (p<0.001). Dose intensities in AGR>1.2 and
<1.2 groups were analyzed comparatively. While the
dose intensity was 80.7% in the AGR>1.2 group, it was
71.3% in the AGR<1.2 group (p=0.002). Dose intensity
analysis was performed according to chemotherapy
type. While the dose intensity was found to be 73.2 in the
group receiving single-agent gemcitabine, it was found
to be 79.6 in the nab-paclitaxel gemcitabine group and
the difference was not statistically significant (p=0.07).
In the gemcitabine group; dose intensity was 71.1 in
the AGR<1.2 subgroup, and was 80.6 in the AGR>1.2
group (p=0.0019). In the gemcitabine nabpaklitaxel
combination group; dose intensity was 73.5 in the
AGR<1.2 subgroup, and was 80.8 in the AGR>1.2
group (p=0.0028) (Table 2). No statistically significant
correlation was found between AGR and documented
myelotoxidity (Table 3).

Table 2. Relationship between dose intensity and albumin to
globulin ratio (AGR)

g Gemsitabin- :
Gemsitabin nabpaklitaxel All patients
dose intensity dose intensity dose intensity
AGR (mean/median (mean/median min-  (mean/median min-
min-max) max) max)
<12 71.17/72 73.5/73 71.3/71
. (66-76) (72-76) (66-76)
512 80.60/80 80.8/81 80.7/ 80
: (74-90) (76-88) (74-90)
p value 0.0019 0.0028 0.002

Table 3. Relationship between albumin to globulin ratio (AGR),

myelotoxicity

Myelotoxicity AGR<1.2 AGR >1.2 p value
Trombocytopenia 0.077
Grad 1-2 (n, %) 35 (61.4) 35(77.8)
Grad 3+ (n, %) 22 (38.6) 10 (22.2)
Neutropenia 0.296
Grad 1-3 (n, %) 27 (47.4) 26 (57.8)
Grad 4 (n, %) 30 (52.6) 19 (42.2)

DISCUSSION

In our knowledge, our study is the first in the literature
that evaluate the relationship between AGR and
chemotherapy dose intensity. The data we have obtained
may shed light on the predetermination of treatment
tolerability in advanced line chemotherapy patients.
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The first-line therapy in the treatment of metastatic PA
is the primary therapy on which the clinician focuses his
expectation. Generally, in the first-line treatment, it is
fought within the framework of the longest possible PFS and
quality of life goal. In cases that have received combination
regimens such as FOLFIRINOX and progressed early,
second-line treatment planning brings a pessimistic view
for the clinician. In most cases, second-line treatment
focuses on symptom palliation and promoting quality
of life within the short pre-terminal PFS. In previous
studies in this context, the superiority of gemcitabine
nabpaclitaxel combination over single-agent treatments is
clear in patients with good tolerance after the first step (18).
It is clear that practical prognostic markers are needed to
identify palliative targets in this poorly prognostic entity.

While evaluating the second-line therapeutic factors in
our study, the data of the first 3 months of the treatment
were discussed. Performing a retrospective study in
advanced treatment is not healthy because of patient-
based prognosis and poor prognosis of PA. Therefore, we
evaluated prognostic factors, such as dose intensity and
inflammatory parameters based on the first 3 months
period.

Although chemotherapy dose intensity is an element that
is tried not to be compromised in adjuvant treatments, the
prognostic benefit of providing optimal dose density for
metastatic cases is clear. However, optimal dose density
may cause fatal complications in patients with low bone
marrow reserve (19). At this point, the clinician should
not forget that the main goal of advanced chemotherapy
is palliation and quality of life support.

In pancreatic cancer, together with more studied
inflammatory markers, such as neutrophil lymphocyte
ratio (NLR) and platelet lymphocyte ratio (PLR); low AGR
levels has been shown to be poor prognostic for OS (20).
In a recent study evaluating inflammatory parameters in
pancreatic cancer, NLR and PLR were evaluated together.
Both parameters were found to be an independent
prognostic for OS (21). Since exitus and progression events
occurred in all of the cases in our study, we performed our
statistical evaluation directly on absolute PFS and OS data
and found that AGR 1.2 level had a prognostic value. Tezuka
et al. (22) evaluated AGR after neoadjuvant chemotherapy
in borderline resectable pancreatic cancer, low AGR
rate was associated with low OS. In a study investigating
neoadjuvant chemotherapy in upper tract urethelial
carcinomas, it was found that pre-treatment AGR level had
no effect on long-term outcomes (23). However, the AGR
level evaluated in this study belongs to chemotherapy-naive
patients. In our study, AGR level was recorded before the
second line, after FOLFIRINOX therapy. Therefore, in our
study, we could achieve information about the metabolic
reserve status after treatment.
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There are additional poor prognostic factors that
may affect the albumin level in pancreatic cancer.
Biliary stasis and inflammation, which occurs while
bilirubin levels are high, especially in the presence of
occlusive icterus, decrease the level of albumin, which
is a negative acute phase reactant. However, in a study
conducted by Feng et al. (24) in 2018, it was concluded
that pre-treatment bilirubin and albumin levels alone
are not prognostic in advanced pancreatic cancer.
However, the AGR rate is a relatively specific marker
in the inflammation-synthesis cascade. Liu et al. (25)
determined that AGR measured before treatment is
an independent prognostic factor in metastatic gastric
cancer. We emphasize that the prognostic correlation
of these types of markers may increase in metastatic
and advanced stage PA where catabolic processes are
dominant.

The main limitation of our study is its retrospective
design. Performing studies evaluating therapeutic
results with a prospective method will provide stronger
results. Stronger reference results can be obtained with
a multicenter, multi-geographic study with a higher
number of patients. Additional stratification of PFS
results of first-line therapy may be beneficial in terms of
reaching more reliable results.

CONCLUSION

As a result, advanced line treatment for this entity with
a poor prognosis generally does not follow a satisfactory
course. Even in palliative and advanced treatment,
achieving a dose intensity close to 80% is a good
prognostic indicator. AGR is a prognostic marker that
remains effective in advanced stages of PA.
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