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Abstract

Currently, 15 randomized controlled trials (RCTs) have been designed to research
whether neoadjuvant therapy (NAT) benefits patients with resectable pancreatic
adenocarcinoma (R-PA) compared to surgery alone. Five of them have acquired results
so far; however, corresponding conclusions have not been obtained. We speculated that
the reason for this phenomenon could be that some prognostic factors had proven to be
adverse through upfront surgery curative patterns, but some of them were not regarded
as independent baseline characteristics, which is important to obtaining comparability
between the NAT and upfront surgery groups. This fact could cause bias and lead to
the difference in the outcomes of RCTs.

In this review, we collated data about risk factors (such as tumor size, resection margin,
and lymph node status) influencing the prognoses of patients with R-PA from five

RCTs and discussed the possible reasons for the varying outcomes.
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Core Tip: In this review, we collated data about risk factors (such as tumor size,
resection margin, and lymph node status) influencing the prognoses of patients with
resectable pancreatic cancer from five randomized, controlled trials (RCTs) and
discussed the possible reasons for the varying outcomes. By comparing the overall
survival of two RCTs, we speculated that neoadjuvant therapy might actually benefit
patients with low-risk factors for long-term survival. In the future, the RCT study
design should likely be refined in patients with three types of resectable pancreatic
cancer. The first group should include patients without risk factors for poor prognosis.

The second category should include patients with a small tumor diameter who are




prone to distant metastasis, as suggested by imaging or tumor biology-related
examinations. The third group should include patients who could not easily obtain

radical treatment of RO disease by imaging evaluation.

INTRODUCTION

Pancreatic cancer (PC) is a cancer with a very high mortality and a poor prognosis.
Patients usually die in a short time due to the progression of the tumors. To moderate
progression, curative-intent surgery is necessary. Unfortunately, not all PC patients are
eligible for resection, and only approximately 15% to 20% of patients have resectable
pancreatic cancer.l!!l To improve survival outcomes, adjuvant chemotherapy and
neoadjuvant therapy (NAT) have been used in selected patients with PDAC. NAT
includes neoadjuvant chemotherapy (NACT), neoadjuvant radiotherapy (NART) and
neoadjuvant chemoradiotherapy (NACRT). Aécord'mg to the NCCN, pancreatic tumors
are classified as resectable when there is no arterial contact (celiac axis, superior
mesenteric artery, or common hepatic artery) and no venous tumor contact with the
superior mesenteric vein or portal vein. If there is venous contact, there must be less
than 180° of contact without any vein contour irregularities to classify the case as
resectable pancreatic adepocarcinoma (R-PA). Borderline resectable pancreatic
adenocarcinoma (BR-PA) is defined as tumors that have tumor contact with the portal
or superior mesenteric vein (PV/SMV) or with the peripancreatic major arteries,
including the celiac artery (CA), the common hepatic artery (CHA), and the superior
mesenteric artery (SMA). Tumors with contact with the SMA or CA >180° or an
unreconstructable SMV or PV due to tumor involvement or occlusion are classified as
locally advanced. Although NAT has been proved to be beneficial in patients with
either BR-PA or locally advanced tumors,[24 there is no specific standard for
neoadjuvant therapy for R-PA. The main controversy is that the progression of PC
might occur during NAT, which would preclude surgical resection. In addition, it
remains questionable whether NAT actually benefits R-PA. According to the NCCN

guidelines, R-PA patients should receive surgery first, and only those R-PA with some




risk factors, such as a high carbohydrate antigen 19-9 (CA19-9) level, large tumor size,
positive lymph nodes and so on, are recommended to undergo NAT. The regimens of
NAT for PDAC patients are based on regimens that were proved to significantly
improve disease-free survival (DFS) and overall survival (OS), such as gemcitabine plus
nab-paclitaxel, oxaliplatin, gemcitabine plus cisplatin, 5 fluorouracil and so on, but
ere have not yet been studies of which is better. The NCCN guideline recommends
FOLFIRINOX or modified FOLFIRINOX + subsequent chemoradiation or gemcitabine +
bumin-bound paclitaxel + subsequent chemoradiation for R-PA. In R-PA patients with
known BRCA1/2 or PALB2 mutations, FOLFIRINOX or modified FOLFIRINOX +
subsequent chemoradiation or gemcitabine + cisplatin (=2-6 cycles) * subsequent
chemoradiation are preferred.
The conclusions have been inconsistent after analyzing the outcomes of all of the
current randomized, controlled trials (RCTs); for example, the results from the
FRENCH SFRO-FFCD 97-04 phase II trial showed that NACRT is feasible for patients
with R-PABl but in another previous meta-analysis, NACRT could not be
recommended for patients with R-PA.[fl Some prognostic factors have been proved to
be adverse through upfront surgery curative patterns, but some of them have not been
regarded as independent baseline characteristics, which is important for obtaining
comparability between the NAT and upfront surgery groups. This fact could cause bias
and lead to the differences in the outcomes of RCTs. Moreover, the NAT regimens are
out of date in some research, which could also lead to negative outcomes.
This review focuses on the deficiencies of and data from current high-quality RCTs and

provides suggestions for future RCTs.

STUDIES OF NEOADJUVANT THERAPY IN RESECTABLE PANCREATIC
CARCINOMA

The RCTs on NAT in resectable pancreatic cancer included in this review are listed in
Table 1. There were ten other registered RCTs comparing NAT and upfront surgery for

R-PA patients: one was not yet recruiting, three were recruiting, two were active but not




recruiting, two were terminated, and two were completed. Information about these
RCTs is listed in Table 2.
Five RCTs are introduced in detail as follows. The first is a German trial
(NCT00335543), which was completed in 2013.17I This study was the first prospective,
randomized, phase II trial. A total of 254 patients were initially enrolled, but only 66
were actually enrolled until the trial was completed. Thirty-three patients were
allocated to the NAT group, and another 33 were allocated to the upfront surgery
oup. The NAT regimen was gemcitabine and cisplatin plus radiotherapy. However,
resectability was defined as no organ infiltration except the duodenum and maximal
involvement of the peripancreatic vessels < 180° confirmed by high-resolution CT.
Thus, some patients who should have been regarded as BR-PA cases according to the
latest NCCN guidelines were deemed to be R-PA cases.
The second is a Dutch randomized, phase III PREOPANC trial.®l Notably, this trial
included both R-PA and BR-PA patients, and only data about R-PA are discussed in this
review. The largest difference in this study compared to three other trials was that it
excluded T1 resectable tumors (<2 cm, without vascular involvement). The planned
number of subjects to be included was 244, but 246 eligible patients were ultimately
enrolled, and 133 were eligible for resection. After random assignment, 68 R-PA
patients were allocated to the upfront surgery group and another 65 to the NAT group.
The NAT regimen was gemcitabine plus radiotherapy. Nevertheless, the resectability
was also different from the latest NCCN guidelines. In this research, a tumor without
arterial involvement and with venous involvement <90° was considered resectable, and
a tumor with arterial involvement <90° and/or venous involvement between 90° and
270° without occlusion was considered borderline resectable. This categorization meant
that some patients who should have been regarded as R-PA cases (venous involvement
between 90° and 180°) were classified as BR-PA cases.
The third is an Italian trial that required 32 patients per group, but only 38 were
eventually enrolledaerall.[‘ﬂ The protocol or the registration number of this trial was

not found. Twenty patients were assigned to the upfront surgery group, and 18 were




assigned to the NAT group. The regimen was gemcitabine plus radiotherapy.
Resectability corresponded to the latest NCCN guidelines.

The fourth is a phase II Italian trial (PACT-15).[1l The enrollment was also less than
expected; only 98 eligible patients were included, while it was estimated that 1040
patients would be enrolled. Finally, only 88 patients were randomly assigned to three
groups: 26 in Group A received postoperative adjuvant intravenous gemcitabine, 30 in
Group B received postoperative adjuvant PEXG (intravenous cisplatin, epirubicin,
gemcitabine, and oral capecitabine), and 32 in Group C received preoperative and
postoperative PEXG. The resectability criteria were stricter than the latest NCCN
guideline; only tumors without contact with arteries or veins were regarded as
resectable, so some R-PA cases (with venous invasion < 180° without vein contour
irregularities) was deemed BR-PA.

The last is a Japanese phase III trial that has not been published but was reported at the
2019 ASCO annual meeting.[11l A total of 360 patients were needed, and a total of 362
eligible patients were randomly allocated to the NAT group (n = 182) or the upfront
surgery group (n = 180). The NAT regimen was gemcitabine plus S-1. Patients with
portal vein involvement and without arterial involvement were deemed resectable in
this research; furthermore, those with portal vein involvement > 180° were regarded as
BR-PA cases according to the latest NCCN guidelines. However, details such as
baseline characteristics or the proportion of patients with BR-PA were not posted. Thus,
the outcomes might not be authoritative.

Data about the median overall survival (mOS) of these RCTs are listed in Table 3. In the
NCT00335543 trial,[”] the mOS was 14.4 mo in the surgery group compared to 17.4 mo in
the NAT group. In the Dutch trial,®l the mOS was comparable between the NAT group
(15.6 mo) and the surgery group (14.6 mo). The outcome was similar in another RCT, in
which the mOS was 19.5 and 22.4 mo in the upfront surgery group and the NAT group,
respectively.[®l In the PACT-15 trial,[10] the mOS in the NAT group (38.2 mo) was better
than that in the upfront surgery groups (20.4 and 26.4 mo, respectively). However, data




from the Prep-02/]JSAP-05 study were inspiring; the mOS was 36.7 mo in the NAT
group compared to 26.6 mo in the upfront surgery group (P=0.015).[11]

The reasons for the different outcomes of these RCTs could include the following. First,
three RCTs (the NCT00335543 trial, the Italian single-center trial and the PACT-15 trial)
obtained smaller enrollment than initially expected, and they terminated early due to
the poor recruitment rates. The poor sample sizes could have caused bias and led to
inaccurate outcomes.

Second, the five RCTs adopted different resectability criteria. Referring to the latest
NCCN guidelines, some patients actually with BR-PA cases (tumor contact with
peripancreatic artery of < 180°) were regarded as R-PA cases in the NCT00335543 trial
and the Prep-02/]JSAP-05 study, and some patients actually with R-PA cases (no arterial
involvement and venous involvement < 180°) were deemed to be BR-PA cases in the
Dutch trial and the PACT-15 trial. This difference might have influenced the outcomes
and cause the differences in the results of these RCTs.

Third, the regimens for NAT were also different. Although the regimens of these five
RCTs were based on gemcitabine, two adopted gemcitabine alone, while the other three
used gemcitabine combined with cisplatin or other agents. In addition, all of these RCTs
combined preoperative radiotherapy with chemotherapy except the PACT-15 trial and
the Prep-02/JSAP-05 study. However, the regimens (based on FOLFIRINOX or
modified FOLFIRINOX or gemcitabine plus albumin-bound paclitaxel) that were
recommended by the NCCN guidelines were not adopted in these RCTs. The German
trial and the PACT-15 trial adopted regimens of gemcitabine and cisplatin, which are
recommended for patients with known BRCA1/2 or PALB2 mutations, but these
mutations were not mentioned in these two trials. The different efficiencies of these

regimens could be another factor leading to various outcomes.

NAT might actually benefit patients gwith low-risk factors for long-term survival.
According to the OS of the Dutch trial (Figure 1), the 1-, 2-, 3-, and 4-year OS rates were

comparable between the NAT group and the upfront surgery group.®l The latest results




of the PREOPANC trial showed that the HR of OS was 0.79 for patients with R-PA
(P=0.23).112] The reason for this outcome might be that this trial excluded T1 tumors (2
cm, without vascular involvement). Because patients with high-risk factors always die
due to recurrence within 2 years, almost the only patients who were in the long-term
follow-up were those with low-risk factors. Thus, when patients with low-risk factors
were excluded, the benefit of NAT on long-term OS disappeared.

In the PACT-15 trial,[10] the 1- and 2-year OS rates were similar between the NAT group
and the upfront surgery group. However, the NAT group showed better 3-year OS
(55%) and 5-year OS (49%) than the surgery alone group (3-year OS 35% and 43%; 5-
year OS 13% and 24%). The reason for this difference could be that T1 tumors were
included. Tumors with low-risk factors could benefit from NAT and obtain better 3-
and 5-year OS.

According to a recent meta-analysis, the NAT groups showed superior 1-, 2-, 3-, 4-, and

5-year survival rates compared to the upfront surgery group.[3l

1. SAFETY AND FEASIBILITY

1.1 Postoperative complications

The lack of postoperative complications was an important prognostic factor of
survival.#16] Lubrano et al analyzed 942 patients with PDAC and found that the mOS
and DFS decreased statistically when severe postoperative complications occurred[17];
the reason for this result could be that postoperative complications lead to failure of
adjuvant therapy.

Data about postoperative complications are shown in Table 4.

In the German trial (NCT00335543),7l postoperative complications were _graded
according to the Clavien-Dindo classification. In arm A (surgery alone), 17 patients
suffered from grade I-II postoperative complications, and 15 patients suffered from
grade III-V postoperative complications; in arm B (NACRT), 16 patients suffered from
grade I-II postoperative complications, and 6 suffered from grade III-V postoperative

complications.




Casadei et al! found that life-threatening complications were less frequent in the NAT
group than in the surgery alone group, which could be attributed to pancreatic fibrosis
as a result of NAT, decreasing the risk of pancreatic anastomotic leakage.

In the PACT-15 trial,ll minor complications (Clavien-Dindo I-II) in Group C (NACT)
were observed in 13 of 27 (48%) patients, compared to nine of 22 (41%) and 12 of 27
(44%) in Groups A and B, respectively. Major complications (Clavien-Dindo III-IV) in
Group C were observed in three of 27 (11%) patients, compared to five of 22 (23%) and
five of 27 (19%) in Groups A and B, respectively!10.

No significant difference in postoperative morbidity was found between the two groups
in the Prep-02/JSAP-05 study.[1]

Postoperative complications occurred in 31 of 63 patients (49%) in the Japanese trial, ']
which seemed comparable to those in the RCTs.

No significant difference was observed in the comparison of postoperative
complications, indicating that NAT did not increase the risk of postoperative
complications. Moreover, Golcher et al and Casadei et al agreed that NAT could
decrease severe complications by inducing fibrosis.[” I

Another three studies support that the probability of postoperative complications
occurring in patients who received NAT was not different from that in patients who
underwent upfront surgery.l”21l One study found that patients with R-PA who
underwent NAT obtained a lower rate of postoperative complications than those who

did not (30% vs. 63%, P=0.001).14

1.2 Postoperative adjuvant therapy

In a recent retrospective study, Nipp ef al found that the absence of adjuvant therapy
was correlated with a high risk of early mortality.l22l Additional adjuvant therapy was
linked to a reduction in mortality.[?] The results from a randomized, phase III trial

attributed prolonged DFS to adjuvant therapy.[24!




In the NCT00335543 trial,l”l 10 of 23 (43%) patients in the surgery alone group
underwent adjuvant chemotherapy, which was comparable to seven of 19 (37%)
patients in the NAT group.

Although there are no data for the R-PA subgroup regarding the difference in this
factor between the two groups in the Dutch trial, data based on R-PA plus BR-PA
patients showed no significant difference.!®!

According to the PACT-15 trial,[1] one patient among 18 in Group A (postoperative
gemcitabine) was unable to receive adjuvant gemcitabine because his clinical condition
did not completely recover after surgery. Moreover, ten patients did not complete the
whole adjuvant gemcitabine treatment. Factors were similar in Groups B (postoperative
adjuvant PEXG) and C (preoperative and postoperative adjuvant PEXG), and some
patients did not complete the adjuvant therapy. Thus, preoperative chemoradiotherapy
appears to be particularly essential.

Regardless of whether we consider the surgery alone group or the NAT group, some
patients lost the opportunity for adjuvant therapy, which is essential for controlling
recurrence. Considering this point, NAT is necessary to guarantee that more patients
receive perioperative adjuvant therapy.

One study indicated that patients with R-PA who received NACRT had fewer chances
of undergoing postoperative adjuvant therapy than those who merely underwent
surgery.[%] Compared to NACRT patients, NACT patients were more likely to receive
adjuvant chemotherapy after resection (41.3% vs. 24.7%, P<0.001).126]

1.3 Duration of intervention

Some studies have explored whether operative duration correlates with the OS of R-PA.
Garcea ef al found that operative duration is not associated with survival [l In contrast,
the results from another study showed that a short operative duration improved long-
term survival by reducing the presence of hypoalbuminemia at 1 mo postoperatively.[28]
However, overall, it was believed that the increased operative time was associated with

poorer long-term survival.[?’]




Only the Prep-02/]JSAP-05 study showed no significant difference in operation time
between the two groups, while no other RCT's focused on this factor.

Two retrospective studies indicated that there is a significant difference between NAT
and upfront surgery in patients deemed to have resectable PDAC.['% 20] Patients who
received NAT had a longer operative time than those who underwent upfront surgery.
1.4 Nutritional status

There have been limited studies of the relationship between nutritional status and
survival of R-PA. A recent retrospective study indicated that the controlling nutritional
status score, which is used to evaluate immune-nutritional status, had an independent
correlation with survival in resected patients with PDAC.[3] No significant difference
was shown between weight loss from the time of diagnosis and survival after
resection.[*!] Ueda et al regarded hypoalbuminemia occurring within one month after
surgery as a predictor of survival in PDAC patients.[?!

RCTs are needed to explore the correlation between nutritional status and NAT.
According to a retrospective study,21l the prognostic nutritional index (PNI), which was
used to assess nutritional status, decreased in patients with R-PA from 48.2 + 7.1 to 42.7
+ 6.0 (P< 0.0001) after NACRT. Poor preoperative PNI is a predictor of poor survival in
PDAC patients.

In summary, NAT is safe and feasible for patients with R-PA. First, NAT did not
increase postoperative complications, and it might even decrease severe complications
by inducing pancreatic fibrosis. Furthermore, comparable postoperative morbidity
indicates that NAT does not limit adjuvant therapy; in contrast, it provides systemic
therapy for those who are ineligible for adjuvant therapy, mostly due to postoperative

complications. Moreover, NAT did not prolong the operation time.

2. FACTORS RELATED TO LOCAL RECURRENCE

2.1 Tumoral diameter
Tumor size is important for the assessment of prognosis. According to the 8th AJCC

TNM staging of pancreatic cancer, tumors < 2 cm in diameter are defined as T1, tumors




> 2 cm and £ 4 cm are defined as T2, and tumors > 4 cm are classified as T3 when there
is no arterial invasion. Chen et al found that the HR for the T1 stage compared with the
T2 stage with an HR of 1.375 (95% CI=1.267-1.492) and with the T3 stage with an HR of
1.796 (95%CI=1.629-1.982), indicating a significant prognostic advantage for smaller
tumor sizes (P<0.001). Survival was longest for patients with a tumor diameter <2 cm,
and poor survival was observed in patients with resected tumors > 3 cm in diameter. 32l
In addition, tumor size was associated with an increased risk of lymph node metastases
and influenced the rate of margin positivity following resection.[® NAT can reduce
tumor size.[25 34|

Tumor size was decreased in patients who underwent NAT according to the data from
three RCTs, and there was a statistically significant advantage for NAT in one study
(Table 5).

The results of the NCT00335543 trial showed that pT1-2 was more frequently observed
in arm B (NACRT+ surgery) than in those who underwent surgery only (arm A).7] Four
of 19 (21%) patients in arm B were pT1-2 cases, while only 2 of 23 (9%) patients in arm A
were at this stage.

The same conclusion was obtained in another RCT.FPl The pathologic T staging was
significantly different between arm A (surgery alone) and arm B (NACRT plus surgery)
(P=0.016). Nine patients had pT1-2 stage disease in arm B, while none belonged to this
stage in arm A.

In the PACT-15 trial, the tumor size in Group C (NACT) after resection was 2.0 cm,
compared to 2.1 cm and 2.5 cm in Groups B and A, respectively.[10]

In the Japanese phase II trial,["¥l the median tumor size before treatment was 24 mm,
compared to 19 mm after receiving GSRT (gemcitabine and S-1 concurrently with
radiation therapy).

A retrospective review showed that patients who underwent NACRT obtained smaller
tumors in resection specimens (mean 2.5 cm) than those who underwent surgical
exploration first (mean 3.1 cm, P=0.04), although they had larger tumors prior to

treatment (mean 2.5 cm vs. 2.1 cm).1%]




NAT can reduce the tumor size and thus make it easier to obtain R0 resection. The
anterior and posterior surfaces render it difficult to obtain RO resection in large tumors.
2.2 Resection margins

According to the NCCN guidelines, resection margins are classified as R0 when the
tumor is completely and microscopically removed within 1 mm. R1 denotes
microscopic residual tumor, and R2 indicates macroscopic residual tumor. Most studies
have supported that R1 resection leads to a worse outcome than R0 resection. 2 34-3¢]
Positive margins can lead to local recurrence. The margins of the Whipple specimen
include the SMA (superior mesenteric artery), portal vein, pancreatic neck, bile duct,
and proximal (gastric or enteric) and distal entaic margins. The most important margin
is the SMAA margin, which consists of the soft tissue that connects the uncinate process
to the right lateral border of the proximal 3-4 cm of the SMA.

The data about resection margins status are listed in Table 6.

In the NCTO00335543 trial, 23 of 33 patients (70%) in arm A (upfront surgery group)
underwent resection vs 19 of 33 (58%) in arm B (NAT group). RO resection was obtained
in 16 of 23 patients (70%) in arm A vs 17 of 19 patients (89%) in arm B. The intention-to-
treat (ITT) RO rate was 48% (16/33) in arm A compared to 52% (17/33) in arm B.I7l The
time to progression was comparable between the two groups.

In the Dutch trial, 44 patients in the NACRT group (44/65, 68%) had successful
resection, and 54 in the immediate surgery group (54/68, 79%) achieved resection.!8!
The RO resection rate was 66% (29 of 44) in patients who received NACRT wvs 59% (32 of
54) in patients assigned to immediate surgery. The ITT RO rate was 45% (29/65) in the
NACRT group compared to 47% (32/68) in the immediate surgery group. The RO rate
increased in the NACRT group, while the resection rate decreased compared to the
immediate surgery group. The locoregional failure-free interval (LFFI) was similar in
the two groups.

In the Italian trial,[®] RO resection was defined as all PDAC with a clearance >1 mm from
each margin. RO resection criteria were not mentioned in the other RCTs. Fifteen of 20

patients (75%) in arm A (upfront surgery group) underwent resection compared to 11 of




18 patients (61%) in arm B (NAT group). The RO rate was 33% (5/15) in arm A vs 64%
(7/11) in arm B. The ITT RO resection rate was higher in arm B (7/18, 39%) than in arm
A (5/20, 25%). No data about local recurrence were mentioned.

In the PACT-15 trial,[1%! the resection rates were 84% (22/26), 90% (27/30), and 84%
(27/32) in Groups A (adjuvant gemcitabine), B (adjuvant PEXG), and C (neoadjuvant
PEXG), respectively. The RO resection rates were 27% (6/22), 37% (10/27), and 63%
(17/27) in Groups A, B, and C, respectively. The ITT RO resection rates were 23% (6/26),
33% (10/30), and 53% (17/32) in Groups A, B, and C, respectively. The rates of local
failure were comparable between the NAT group and the two upfront surgery groups.
In the Prep-02/JSAP-05 study, no significant difference was observed in the RO
resection rate between the two groups.['ll

In the Japanese trial,['8] RO resection was defined as the absence of cancer cells at the cut
end of any specimen slice. Fifty-four of 63 patients underwent surgery, and all 54
patients who underwent resection received R0 resection.

An observational study showed that patients with R-PA who underwent NACRT
obtained fewer positive microscopic resection margins than those who underwent
upfront surgery (14 % vs. 30%; P=0.042).[1]

Although the data from these five RCTs seem to indicate that the resection rates were
lower in the NAT groups, and RO resection rates were higher compared to the upfront
surgery groups, there was no significant difference.

In the Prep-02/JSAP-05 study,['l a significant decrease in viable tumor cells was
observed in primary tumors after NAT compared to upfront surgery (P<0.01). Fewer
viable tumor cells might be helpful in promoting response and limiting progression.
Although smaller tumors made it easier to obtain R0 resections, the margin status was
also influenced by other factors. The SMA margin made it difficult to obtain RO
resection in tumors with vascular invasion, although they were small in size. NAT
could reduce the tumor size and thus benefit the margin status, but it might be
meaningless for improving the biological behavior of tumors (invasion of vessels, high

differentiation grade and so on); thus, RO resection was not approved in some trials.




Moreover, patients with BR-PA were deemed R-PA cases in the German trial, and the
Prep-02/]JSAP-05 study also influenced the rate of RO resection. In addition, assessments
of RO were performed after surgery rather than after completing the whole treatment,
and the benefit of systemic treatment could only be detected after all treatments were

completed.

3. FACTORS RELATED TO METASTASIS

3.1 Lymph node status

Lymph node metastasis is regarded as a factor for poor prognosis congruously, and
lymph node status has been proved to be one of the most effective prognostic factors in
some recent studies. Furthermore, the ratio of positive nodes to total examined nodes is
more valuable for prognosis than merely evaluating the number of positive lymph
nodes. 29351 Elashaer et al found that most studies indicated that lymph node ratio and
number of positive nodes correlate with OS in PDAC but not total nodes examined.[?!
Recently, Shi et al proposed a modification of the 8th AJCC staging system for PDAC.138]
Compared to the 8th AJCC staging system, it weakens the influences of positive lymph
nodes, and small tumors with positive nodes are divided into earlier stages.

Most studies have shown that lymph node positivity is less frequently observed in
patients with R-PA who received NAT than in those who underwent surgery only.[1%2
25,34, 3] Data about lymph node status are listed in Table 7. In the German trial, there
were 22 of 33 patients (67%) with clinical NO in the NAT group compared to 30 of 33
(91%) in the primary surgery group before treatment (P=0.03), but a higher (y)pNO rate
was observed in the NAT group (39%, 13/33) than in the primary surgery group (30%,
10/33) after treatment.l’l The preoperative clinical NO rate was not comparable, which
might have caused the negativity of the difference in pN0. The rate of (y)pM0 was
comparable. The Italian single-center RCT also indicated that the NAT group obtained a
higher pNO rate (28%, 5/18) than the surgery group (10%, 2/20).[° The rate of pM0 was
also comparable in this research. In addition, in the PACT-15 trial, the pNO rates were
27% (6/22), 26% (7/27), and 48% (13/27) in patients who underwent resection in




Groups A (adjuvant intravenous gemcitabine), B (adjuvant PEXG), and C (preoperative
and postoperative PEXG), respectively.[l0l However, the number of patients with liver
metastasis in the NAT group decreased by half compared to that in the upfront surgery
groups (64%, 42%, and 33% in Groups A, B, and C, respectively). No data about this
factor in the NACRT subgroup were mentioned in the Dutch trial.l8l However, the
median distant metastasis-free intervals were similar between the two groups.

No significant difference was found in the data from the above 4 RCTs, indicating that
NAT did not improve the lymph node status. However, in the Prep-02/JSAP-05 study,
resected patients in the NAT group obtained a significantly decreased nodal positive
rate compared with the upfront surgery group (P< 0.01).[11] This finding could indicate
that patients who completed NAT and resection obtained better nodal status. The
reason for this phenomenon could be that some patients were ineligible for surgery due
to progression during NAT, and node positivity was observed more frequently in these
patients, leading to a nonsignificant difference in ITT analysis between the two groups.
Regarding the subgroup analysis of resected patients, a significant decrease Es
observed in the NAT group. Moreover, hepatic recurrence after surgery was
significantly decreased in the NAT group (30.0%) compared to the upfront surgery
group (47.5%).

In the Japanese trial '8! 37 of 63 patients (59%) were in the NO stage.

A randomized, phase II trial indicated that R-PA patients who received NACT with
gemcitabine plus cisplatin exhibited less node positivity t‘En those who received NACT
with gemcitabine.[*] In another study,!2¢! postoperative pathology showed that R-PA
patients who received NACRT prior to surgery had higher rates of node-negative
pathology than those who received NACT (68.0% vs. 42.7%, P<0.001), indicating that
neoadjuvant external beam radiation is beneficial for reducing the rates of node-positive
pathology.

3.2 Invasion of vessels and perineural spread

Tumors with poor biological behavior often invade vessels or nerves.




Direct invasion of the venous vasculature indicates distant spread and nodal or
hematogenous metastasis, while perineural spread is associated with local
recurrence.[#!] At the same time, severe venous invasion leads to poor prognosis.|?’l

The Dutch trial and the PACT-15 trial considered this factor, and they enrolled patients
with less venous invasion (<90° and no venous contact, respectively). The Italian trial
specifically regarded the grade of superior mesenteric and portal vein involvement as
independent baseline characteristics. However, most RCTs did not research this factor,
and only the Dutch trigl focused on it.[¥] Perineural invasions were fewer in patients
treated with NACRT (39% vs. 73%; P<.001), as was venous invasion (19% wvs. 36%;
p=.024). Based on the latest results from the Dutch trial, vascular invasion was less
frequently observed in the NAT group (36% vs. 65%; P<.001).["?] Nevertheless, the
results were based on patients with R-PA and BR-PA, and there were no specific data
about the venous or perineural invasion in the R-PA subgroup.

Barbier et al found that there were fewer vascular and perineural invasions in PDAC
patients who underwent NACRT than in those who underwent surgery first
(P<0.001).134 The same conclusion was shown in two other studies.l' 22

3.3 CA19-9 Levels

Tumors with elevated CA19-9 Levels could indicate poor biological behavior and
subclinical metastasis.

A national cancer database study enrolled 28074 PDAC patients with reported CA19-
942, Among early-stage (I/1II) patients (n = 10806), there were 957 (8.8%) nonsecretors,
2708 (25.1%) with normal levels, and 7141 (66.1%) with elevated levels (CA19-9>37
U/mL)_Survival was disappointing in patients with elevated CA-19-9, regardless of
stage. Early-stage patients with elevated CA19-9 had worse survival at 1, 2 and 3 years
than patients with normal levels. Nonsecretors and patients with normal levels had
similar survival. High preoperative CA19-9 Levels are regarded as a predictor of local
and early (defined as relapse <6 mo after resection) recurrence.l?5 43 However,
compared to preoperative CA19-9 Levels, postoperative CA19-9 Levels have more

prognostic value because they can reflect the quality of tumor resection.[#




In the PACT-15 trial,['% the CA19-9 response was evaluated in 22 of 23 (96 %) patients in
the NACRT group. One patient obtained a decrease of more than 89%, 12 had decreases
of 50% to 89%, and 9 had decreases less than 50%. In several previous studies, the
median decrease in CA19-9 was 26%. The results indicated that NAT could decrease
CA19-9 Levels, but more authoritative evidence is needed to prove this deduction.

In the Japanese trial, median CA19-9 Levels decreased from 261 to 61 U/mL after
patients received GSRT.[18]

PDAC patients with CA19-9 Levels that decreased during NAT had a better OS.145] A
phase I trial and a phase II trial demonstrated that PDAC patients had decreased
median CA19-9 Levels after achieving NAT.[46.47]

3.4 Tumoral differentiation grade

The majority of studies have supported that there is a statistically significant correlation
between well-differentiated tumors and improved prognosis. The degree of
differentiation is inversely associated with tumor aggressiveness.l2%9 High-grade tumors
usually demonstrate poor biological behavior.

The latest results of the PREOPANC trial showed that tumor differentiation was similar
between the NAT group and the upfront surgery group (P=0.91). The data were based
on patients with R-PA and BR-PA, and there were no data about the R-PA subgroup.
Improved nodal status accompanied by less hepatic metastasis was shown in the PACT-
15 trial and Prep-02/]JSAP-05 study, but the other RCTs did not obtain significant
differences. The probable reason for this finding is that, although NAT can improve
nodal status, it does not influence the biological behavior of tumors. In fact, NAT could

benefit patients by controlling micrometastasis and allowing for systemic therapy.

CONCLUSION

The primary factors influencing the outcomes were as follows. First, the actual sample
sizes were less than expected in some trials. In addition, the criteria for resectability
were different in the studies. Moreover, the regimens varied in the different RCTs.

Finally, how NAT influences the biological behavior of PC is still unknown, and no




research has regarded it as an independent baseline characteristic to assign. NAT might
not be useful for improving it, and poor biological behavior would offset the benefits
from NAT (such as improving RO resection and nodal status), leading to negative
outcomes.

NAT is feasible and safe because it does not increase postoperative complications or
prolong the operation time, and some experts have supported that it decreases the
occurrence of severe postoperative complications by inducing fibrosis of pancreatic and
peripancreatic tissue. Moreover, NAT reduces tumor diameter and provides an
opportunity for perioperative adjuvant therapy for patients who cannot undergo
postoperative adjuvant therapy. More evidence is needed to verify whether NAT
actually decreases CA19-9 concentrations. More RCTs are needed to determine whether
NAT worsens nutritional status. How NAT influences tumor differentiation remains
unknown.

Some other advantages of NAT are as follows. (1) NAT might treat micrometastases
and prevent local recurrence. However, in the Dutch trial, although the median LFFI
was higher in the NAT group (17 mo) than in the immediate surgery group (13.5 mo),
there was no significant difference (P=0.067).18] In the PACT-15 trial,[1%] the local and
distant recurrence rates were comparable between the NAT group and the surgery
group. However, liver metastases were found less frequently in the NAT group (33%)
than in the two adjuvant groups (64% and 42%, respectively). (2) NAT provides
sufficient time to expose metastases related to the progression of micrometastases that
could not be detected previously and screens for patients who cannot benefit from
surgery. Casadei et all’! found that distant micrometastases had already occurred in
some patients but were not detected. With the development of the diseases, they were
found during NAT and avoided surgery, which was meaningless. Nevertheless,
progression would occur if the NAT regimens were not effective. Currently, there is no
RCT design for exploring these deductions, and more RCTs are needed to verify them

in the future.




In general, the benefit of NAT outweighs the disadvantages. However, the majority of
studies about NAT for R-PA patients have been retrospective; although there has been a
minority of prospective studies, their sample sizes have been too limited to obtain a
conclusive outcome. In addition, more phase I1I trials and RCTs are needed to verify the
conclusions.

It is essential to select patients who could mostly benefit from neoadjuvant therapy.
Some novel predictive factors in R-PA were addressed recently, such as molecular
profiles, tumor microenvironments, immune cell infiltration, microRNAs, circulating
tumor DNA, organoids and the gut microbiome.#8! In the future, the RCT study design
should likely be refined in patients with three types of resectable pancreatic cancer. The
first group should include patients without risk factors for poor prognosis. The second
category should include patients with a small tumor diameter who are prone to distant
metastasis, as suggested by imaging or tumor biology-related examinations. The third
group should include patients who could not easily obtain radical treatment of RO

disease by imaging evaluation.
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