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Abstract

BACKGROUND
The impact of pancreatic tumor location on patient survival has been studied in
large national data-based analyses which yielded controversial results.

AIM

To explore if pancreatic head cancer (PHC) and pancreatic body/tail cancer
(PBTC) have different overall survival (OS), molecular signature and response to
chemotherapy.

METHODS

We retrospectively queried patient records from July 2016 to June 2020 in our
institution. Patient demographics, cancer stage on diagnosis, tumor location,
somatic mutations, treatment, and survival are recorded and analyzed. A test is
considered statistically significant if the P value was < 0.05.

RESULTS

We reviewed 101 patients with complete records, among which 67 (66.34%) were
PHC and 34 (33.66%) were PBTC. More PHC were diagnosed at younger age
[61.49 vs 68.97, P = 0.010], earlier stages (P = 0.006) and underwent surgical
resection (P = 0.025). There were no significant differences among all mutations
and pathways studied except for TP53 mutations (37.0% in PHC vs 70.0% in
PBTC, P = 0.03). OS was not statistically different between PHC and PBTC (P =
0.636) in the overall population and in subgroups according to surgical resection
status or stages. In terms of response to chemotherapy, chemotherapy regimens
(FOLFIRINOX-based vs gemcitabine-based) didn’t impact disease free interval in

March 15,2022 | Volume14 | Issue3 |


https://www.f6publishing.com
https://dx.doi.org/10.4251/wjgo.v14.i3.716
mailto:mabdelrahim@houstonmethodist.org

Jaishideng®

Sun K et al. Pancreatic cancer locations matter

those who had surgical resection in either PHC (P = 0.546) or PBTC (P = 0.654), or the duration of
response to first line palliative treatment in those with advanced disease in PHC (P = 0.915) or
PBTC (P = 0.524).

CONCLUSION

Even though PHC and PBTC have similar poor OS and response to chemotherapy, the different
presentations and molecular profiles indicate they are different diseases. Utilization of molecular
profiling to develop targeted therapy for individualization of treatment is needed.

Key Words: Pancreatic cancer; Tumor location; Molecular profiling; Survival; Response to chemotherapy

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The study is a retrospective study of the impact of pancreatic cancer location on survival,
molecular profiling and response to chemotherapy among patients who were diagnosed with pancreatic
cancer in our institution. Even though there was no significant difference in survival or response to
chemotherapy between pancreatic head and pancreatic body/tail cancer, we did observe a trend of long-
term survival in stage I/II pancreatic tail patients who underwent surgical resection. TP53 mutations were
significantly more in pancreatic body/tail cancer than that in pancreatic head cancer and we propose that
gemcitabine-based chemotherapy should be considered in those patients.
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INTRODUCTION

Pancreatic cancer is the fourth-leading cause of cancer deaths in the United States. Even though the
survival rates have improved slightly over the past four decades, the outcome of pancreatic cancer is
still dismal. Anatomically pancreatic cancer can be divided into pancreatic head cancer (PHC) and
pancreatic body/tail cancer (PBTC). The lower part of head and uncinate process of pancreas has
different embryological origins from the rest of the pancreas[1]. This embryological difference leads to
significant differences in cell composition, blood supply, lymphatic and venous drainage and innerv-
ations between the head and body/tail of pancreas.

Pancreatic tumor location impacts patient presentation and survival, which has been shown in large
data-based analyses, even though with conflicting results. 49%-77.5% pancreatic cancers are PHC[2-4],
which tend to present at earlier stages than PBTC. Historically, survival of PBTC cancer is believed to be
worse than PHC; and PBTC is considered as an independent poor prognostic risk factor. However,
PBTC was found to have much better survival over PHC (20% vs 9%) when the tumor is localized[2].

Genetic analyses of pancreatic cancer have suggested that PHC and PBTC are different tumors.
Advanced technology including whole genome sequencing and RNA sequencing further classified
pancreatic cancer into four subtypes: Classical, squamous, ADEX and immunogenic[5]. The squamous
subtype is characterized by genes highly expressed in the C2-squamous-like class of tumors (e.g., lung
and head and neck cancer)[6]. PBTC is found to have more squamous subtypes[7,8].

Pancreatic squamous subtype shares similar molecular abnormalities with lung squamous subtype,
which include loss of TP53, RB1, CDKN2A and PIK3CA, NOTCH1, NFE2L2, KDM6A and EP300
mutations. Squamous cell lung cancer was found to be more sensitive to platinum and gemcitabine
combination therapy[9]. When the combination therapy was tested in advanced pancreatic cancer, there
was an improvement in overall survival, disease free survival and response rate, even though not
statistically significant[10]. Given that PBTC had more squamous subtype, it is possible that PBTC is
more responsive to gemcitabine-based treatment.

We hypothesize that PHC and PBTC are distinct diseases based on their embryological origins and
current genetic profiling evidence. To further explore the impact of tumor location on molecular
profiling, survival, and response to chemotherapy, we retrospectively reviewed patients with pancreatic
cancer in our institution.
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MATERIALS AND METHODS

The study was approved by the institutional review boards. Informed consent was waived given the
retrospective nature of the study. The patient data was queried from Epic electronic medical record
system of Houston Methodist Hospital. Patients who had a diagnosis of pancreatic cancer from July
2016 through June 2020 were included. Patient demographics, tumor location, pathology, staging,
molecular profiles, treatment history and survival were collected retrospectively. Molecular profiles
were performed through a multiplatform approach including next gene sequencing (NGS) and RNA
sequencing by commercially available testing from Caris Life Sciences (Phoenix, AZ), FoundationOne
(Cambridge, MA), Guardant360 (Redwood City, CA), Tempus (Chicago, IL) and NeoGenomics (Fort
Meyers, FL), and in house 50 gene or 70 gene panel that was developed and validated in our institution.
Panels of gene mutations are available on each company’s website. Duration of response is defined as
the duration of having complete response, partial response or stable disease. Overall survival is defined
as the time from pancreatic cancer diagnosis to the date of death or date of last follow-up. Disease free
interval is defined as the time from definitive treatment to the date of disease recurrence. Patients who
had response and survival data were included in the survival and response analysis. Patients who had
molecular profiling data were included in the tumor location analysis. Those who didn’t have either
records were excluded from the study.

Mean and standard deviation were calculated for the continuous variables and frequency and
percentage [n (%)] were calculated for those categorical variables. T-test was used to compare the mean
of a continuous variables between the 2 groups of pancreatic cancer and the Fisher’s exact test was used
to find the association between a patient’s characteristic and the pancreatic cancer’s groups. Kaplan
Meier curves and Log-rank test were used to compare the survival time between the two location
groups of pancreatic cancer. Stata/MP 16.1 for Windows was used to analyze the data. A test was
considered statistically significant if the P value was < 0.05.

RESULTS

Patients

From July, 2016 to June, 2020, a total of 500 records was retrieved and 101 patients with complete
medical records were included in the analysis. 67 patients had PHC and 34 patients had PBTC.
Compared to patients with PHC, patients with PBTC are older at diagnosis (68.97 vs 61.49, P = 0.01),
diagnosed at more advanced stage (P = 0.006) and are less likely to undergo surgical resection (P =
0.025) (Table 1). There is no significant difference in gender, ethnicity between patients with PHC and
patients with PBTC (P = 0.10 and 0.53 respectively).

Survival and tumor location

In the total population, the OS between PHC and PBTC was not statistically different (P = 0.64,
Figure 1A). Patients who underwent surgical resection had better OS than patients who did not (P <
0.001, Figure 1B), with a median OS of 2.05 years (interquartile range, 1.21 to 2.86) and 1.00 year
(interquartile range, 0.77 to 1.70) respectively. There were no differences in survival between PHC and
PBTC in those who underwent surgical resection, those who didn’t undergo surgical resection, or those
who had Stage IV disease on presentation. In the subgroup of patients who had stage I and II disease,
there were 3 patients with PBTC and those were long-term survivors. However, due to small number of
patients, no definite conclusion can be made.

Molecular profiling and tumor location

A total of 66 patients (46 PHC and 20 PBTC) who had complete medical records and molecular profiling
were reviewed. 20/66 (30.3%) had molecular testing performed on biopsy specimen, 24/66 (36.4%) on
peripheral blood, 14/66 (21.2%) on surgical resection specimen and the remaining on samples with
unknown sources. Rates of pathogenic mutations were recorded and compared between PHC and PBTC
(Figure 2). PHC and PBTC have similar tumor mutation numbers (P = 0.79). The most common
mutations were KRAS mutations (63.6% in total, 65.2% in PHC vs 60.6% in PBTC, P = 0.78), TP53
mutations (47.0% in total, 37.0% in PHC vs 70.0% in PBTC, P = 0.03), SMAD mutations (12.1% in total,
15.2% in PHC vs 5.0% in PBTC, P = 0.42) and CDKN2a/b mutations (19.7% in total, 19.6% in PHC vs
20.2% in PBTC, P = 1.00). Only TP53 mutations were significantly different. 12.1% % of the mutations
were involved in cell cycle pathway (15.2% in PHC vs 5% % in PBTC, P = 0.47), 34.9% in MAPK pathway
(34.8% in PHC vs 35.0% in PBTC, P = 0.99) and 15.1% in DNA repair pathway (17.4% in PHC vs 10.0% in
PBTC, P = 0.71). There were no differences in the mutations involved in these pathways.

Response to chemotherapy and tumor location
In patients who underwent resection, there were no statistical differences in disease free interval
between patients with PHC or PBTC who received FOLFIRINOX based chemotherapy and those who
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Table 1 Patient characteristics by location

Total Head Bodyl/tail Pvalue
n=101,% n=67,% n=34,%
Age at diagnosis 63.90 (13.03) 61.49 (13.96) 68.97 (9.12) 0.010
Gender 0.095
Female 51 (50.50) 38 (56.72) 13 (38.24)
Male 50 (49.50) 29 (43.28) 21 (61.76)
Ethnicity 0.53
Caucasian 76 (75.25) 48 (71.64) 28 (82.35)
Black 11 (10.89) 8 (11.94) 3(8.82)
Other 14 (13.86) 11 (16.42) 3(8.82)
Pathologic initial stage 0.006
I 5 (4.95) 3 (4.48) 2 (5.88)
i 19 (18.81) 18 (26.87) 1(2.94)
111 17 (16.83) 13 (19.40) 4 (11.76)
v 51 (50.50) 28 (41.79) 23 (67.65)
Missing 9 (8.91) 5 (7.46) 4 (11.76)
Surgical resection 0.025
Yes 34 (33.66) 28 (41.79) 6 (17.65)
No 67 (66.34) 39 (58.21) 28 (82.35)
A Kaplan-Meier survival estimates by tumor location B Kaplan-Meier by surgical resection
84 8 .
= *
L= (=]
=g ) Log-rank test; £ value = 0.6360 24 Log-rank test; P value < 0.001
=] (=]
= (=]
=i S .
= b T T T T T = M T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Years Analysis time
Number atrisk Number atrisk
Head 63 39 12 2 1 0 Yes 34 27 12 2 1 0
Bodyftail 31 17 5 1 0 0 No 61 30 o 1 0 0
Head Body/tail | Yes No |

DOI: 10.4251/wjgo.v14.i3.716 Copyright ©The Author(s) 2022.

Figure 1 Survival and tumor location. A: Kaplan-Meier curve of overall survival in pancreatic head cancer and pancreatic body/tail cancer in the total
population; B: Kaplan-Meier curve of overall survival in patients who underwent surgical resection versus those who did not.

received gemcitabine-based chemotherapy (P values are 0.55 and 0.65 respectively, Figure 3A and B). In
patients with metastatic disease, there were no statistical differences in duration of response to first line
palliative chemo between patients with PHC or PBTC who received FOLFIRINOX-based chemotherapy
and those who received gemcitabine-based chemotherapy (P values are 0.91 and 0.52 respectively,
Figure 3C and D).

DISCUSSION

In this retrospective study, patients with PHC and PBTC were retrieved and the relationships of tumor
locations with molecular profiling, overall survival, or response to chemotherapy were explored. Our
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Figure 2 Comparison of mutations between pancreatic head and pancreatic body/tail cancer.
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study showed that patients with PBTC tend to present at later stages and are less likely to undergo
resection, consistent with previous studies[11-13]. PBTC are older at diagnosis in our study, which could
have explained the lower resection rate.

The impact of tumor location on survival has been a controversy. Several population-based studies|[2,
3,11,14,15] reported contradictory survival of PBTC and PHC in the overall population; however, better
survival in PBTC is seen in early stage patients, especially stage I and II. Winer et al[14] examined the
relationship of survival and tumor location in patients who had tumor resection and found that even
though PHC were more of early stage at presentation and more likely to be resected, they tended to
have higher grade, more positive lymph nodes and worse overall survival. The survival advantage of
PBTC from this study was further supported by a single center study[16] which examined survival in
matched stage II PBTC and PHC. Only one single center study[12] reported worse outcome for PBTC
patients who had resection and among those patients with Stage I disease, the survival seemed to be
better in PBTC however not statistically significant. Even though our study didn’t show a survival
difference in PHC and PBTC, long-term survival was seen in three patients with Stage I/II PBTC who
underwent resection. The findings from previous studies and our study suggest that resected early stage
PBTC have better survival than those with PHC.

The four most common mutations in our study were KRAS, TP53, SMAD and CDKN2a/b mutations,
which is consistent with previous reports[13,17]. Among these most common mutations, only TP53
mutations were found to be significantly higher in PBTC in our study. Even though the frequency of
SMAD mutations was higher in PHC (15.5%) compared to PBTC (5%), this result was not statistically
significant because the total number of SMAD mutations observed was only 12.12% in our study. The
lower frequencies of those mutations detected in our study could be explained by NGS being performed
on insufficient tissues, as majority of samples were biopsy specimens or peripheral blood (66.7%). TP53
mutation is enriched in pancreatic squamous cell type[5] that is similar to lung squamous subtype, and
might be similarly more sensitive to gemcitabine therapy. TP53 was also found to predict sensitivity to
gemcitabine-based adjuvant therapy in a survival and mutational analysis from CONKOO-001 study
[17]. Based on these, our finding of more TP53 mutations in PBTC suggest gemcitabine-based adjuvant
therapy to be considered in PBTC, especially in those who can’t tolerate FOLFIRINOX therapy.

To our knowledge, our study is the first study that looked at the impact of tumor location on response
to different chemotherapy regimens. Neither PHC or PBTC responded differently to FOLFIRINOX
based or gemcitabine-based chemotherapies, suggesting a universal poor prognosis of pancreatic cancer
regardless of tumor location when compared based on chemotherapy response. However, differential
response to targeted therapy or immunotherapy is yet to be explored given the different distribution of
pancreatic cancer subtype like immunogenic.

Limitations

Our study was a retrospective study in a single institution and a relatively small number of patients was
retrieved. Due to the retrospective nature, the NGS platforms utilized, and the depths of sequencing
were not uniform. This added another layer of bias in data interpretation. However, this reflects the
real-world experience in many community and academic cancer centers that often rely heavily on
commercial NGS platforms. Even though there is a trend to suggest better survival in early stage PBTC
patients after resection, there were few patients and events in this subgroup and no definitive
conclusion can be made.
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Figure 3 Response to chemotherapy and tumor location. A: Kaplan Meier curve of recurrence free interval in patients with pancreatic head cancer who
had resection and received FOLFIRINOX-based therapy versus gemcitabine based therapy (P = 0.5463); B: Kaplan Meier curve of recurrence free interval in patients
with pancreatic body/tail cancer who had resection and received FOLFIRINOX-based therapy versus gemcitabine-based therapy (P = 0.6540); C: Kaplan Meier curve
of response duration in patients with metastatic pancreatic head cancer who received FOLFIRINOX-based therapy versus gemcitabine-based therapy (P = 0.9146);
D: Kaplan Meier curve of response duration in patients with metastatic pancreatic body/tail cancer who received FOLFIRINOX-based therapy versus gemcitabine-
based therapy (P = 0.5244).
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CONCLUSION

There is no difference in OS between PHC and PBTC but the long-term survival observed in early stage
PBTC after resection suggests better survival in this subgroup of patients. PBTC has significantly more
mutations involved in TP53 mutations and its predictive role in gemcitabine sensitivity should be
explored in future studies.

ARTICLE HIGHLIGHTS

Research background

Pancreatic head and pancreatic body/tail have different embryological origins. Tumors arising at
different locations of pancreas might carry different mutations and respond differently to
chemotherapy.

Research motivation

To better define pancreatic cancer and search for precision oncological targets that yield better
outcomes.

Research objectives

To study the relationships of pancreatic cancer location with molecular profiling, response to
chemotherapy and survival.
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Research methods

This is a single institution retrospective study that retrieved patients who carry a diagnosis of pancreatic
cancer from July 2016 to June 2020. Patient demographics and molecular profiling information were
reviewed and the relationship between tumor location and molecular profiling, response to
chemotherapy and survival were analyzed.

Research results
Pancreatic head cancer and pancreatic body/tail cancer (PBTC) have different presentations but similar
overall survival and response to chemotherapy. PBTC have significantly more TP53 mutations.

Research conclusions
Given that TP53 mutations predict gemcitabine sensitivity, gemcitabine containing chemotherapy
should be considered for PBTC as first line.

Research perspectives
A larger and prospective study should be performed to explore the role of gemcitabine in PBTC.
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