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Abstract

Background: While adjuvant chemotherapy benefits patients with pancreatic ductal
adenocarcinoma (PDAC), the importance of the time to initiation of adjuvant therapy
remains unclear.

Aim: This study seeks to better understand whether the timing of postoperative che-
motherapy initiation affects long-term outcomes in PDAC.

Methods and Results: A systematic literature search was performed in Medline,
Embase, and Cochrane Library in March 2020. Studies focused on the association
between the timing of adjuvant therapy on long-term outcomes in resected PDAC
patients were included. The impact of early and delayed therapy as defined by the
respective studies was evaluated using forest plot analysis. Overall survival (OS) and
disease-free survival (DFS) served as primary endpoints. Out of 3099 published arti-
cles, 10 retrospective studies met inclusion criteria. Combined, these studies included
clinical data of 13 344 patients. The cut off used to define “early” and “delayed”
treatment groups varied in the included studies ranging from 3 to 12 weeks. Due to
this heterogeneity, a sub-group analysis of three time cut offs was performed: 3 to
5 weeks, 6 to 8 weeks, and 9 to 12 weeks. There was a significant decrease in OS
and DFS when adjuvant therapy was delayed by 3 to 5 weeks after surgery (OS,
pooled hazard ratio [HR] = 1.86, 95% confidence interval [Cl] = 1.25-2.78; DFS,
pooled HR = 1.62, 95% Cl = 1.12-2.34). However, due to small sample size and lim-
ited studies in this subgroup analysis, the results may be indeterminate. There was no
significant decrease in OS with delayed initiation of adjuvant therapy by 6 to 8 weeks
and 9 to 12 weeks. Similarly, delay in adjuvant therapy beyond 3-5 weeks.
Conclusions: There was no conclusive evidence suggesting improved survival in
patients starting treatment at various time cut offs. Studies investigating the extreme

ends of the time-to-treatment spectrum may prove more informative.
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1 | INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is the most lethal common
cancer. The overall five-year survival remains just 10%.? Most
patients present with unresectable disease. However, approximately
20% of patients have localized and resectable disease.®> The best
chance of long-term survival for such patients is resection combined
with multi-agent chemotherapy.* Historically, chemotherapy was not
considered as decidedly beneficial following surgical resection until
the late 1990s.° Based on the results of the european study group for
pancreatic cancer (ESPAC-1) trial in 2004,° adjuvant chemotherapy
using single agent 5-fluorouracil (5-FU) became the standard of care
for resectable PDAC. A series of trials showing equipoise between
gemcitabine and 5-FU but a better toxicity profile in the adjuvant set-
ting for gemcitabine shifted preference to this drug.”® Recent trials
have determined a survival benefit for multi-agent chemotherapy regi-
mens when compared with single agent therapy.®

Despite the benefit of adjuvant chemotherapy, nearly half of the
patients fail to receive additional therapy following resection, often
due to a complicated postoperative course.l© Indeed, the time from a
patients' operation until starting adjuvant therapy can vary
widely.**?2 Some patients may never recover enough to receive any
amount of adjuvant treatment. Alternatively, patients may not tolerate
multi-agent chemotherapy after resection and instead receive less
effective single agent therapy. The optimal timing for initiating adju-
vant chemotherapy has not been rigorously evaluated. Most versed in
the literature refer to a single post-hoc analysis of a randomized trial
which showed that adjuvant chemotherapy can be safely started up
to 12 weeks post-surgery.?

While there appears to be a benefit of adjuvant chemotherapy
based on randomized adjuvant trial data, the impact of the timing of
treatment in the general population is a question that requires further
evaluation. Herein, we performed a meta-analysis of the available lit-
erature to characterize the time from surgery to initiation of adjuvant
therapy and determine the effect of delay on overall survival (OS) and
disease-free survival (DFS).

2 | METHODS

2.1 | Protocol and registration

This systematic review and meta-analysis was conducted following
the recommendations of the Preferred Reporting Items for Systematic
Reviews and Meta-analyses statement (PRISMA).2® It was registered
in the International Prospective Register of Systematic Reviews
(PROSPERO, registered as CRD42020170486).

2.2 | Search strategy

Medline, Embase, and Cochrane Library databases were searched for

publications from 1 January 1975 to 1 February 2020. The search

query included pertinent strings of words including “pancreatic cancer
AND adjuvant chemotherapy AND survival AND (time OR delay OR
initiating OR start OR early).” Studies published in non-English lan-
guages were excluded.

For inclusion, studies had to meet the following criteria:
(@) observational cohort studies or randomized clinical trials,
(b) patients diagnosed with clinically resectable PDAC and underwent
resection, and (c) time duration from surgery to initiation of adjuvant
chemotherapy were evaluated with either OS or DFS endpoints. Stud-
ies where patients received neoadjuvant therapy prior to surgery
were excluded. Two independent individuals (KS and SS) reviewed
titles and abstracts from the above-mentioned databases and selected
relevant publications. Studies fulfilling the inclusion criteria and
abstracts lacking clear description of study parameters were acquired
for a complete-text evaluation. Any disagreement on eligibility for

inclusion was reconciled by thorough discussion.

2.3 | Data extraction and synthesis

The following data points were extracted: sample size, patient demo-
graphics, time cut-offs delineating early and delayed initiation of adju-
vant therapy groups, chemotherapy regimen used, median follow-up
period, usage of univariate, or multivariate survival analyses, and com-
parisons of median OS or DFS endpoints. The Newcastle-Ottawa
Scale (NOS) was used to ascertain the quality of observational studies
and determine risk of bias.2* NOS scores ranged from O to 9 and can
be categorized into three groups: very high risk (0-3), high risk,*¢ and
low risk of bias.”?

Hazard ratio (HR) was used as the measure of effect for compari-
sons of OS and DFS between delayed and early treatment groups.
Delayed chemotherapy was defined as chemotherapy started beyond
a certain cutoff time period as described in the respective studies. For
each study, the adjusted HR and 95% confidence interval (Cl) were
annotated, and SE was calculated from available data. If multivariable
analyses were not performed, univariate HR was recorded. For studies
where HR was not recorded, Kaplan-Meir curves were digitalized
using Webplot digitalizer software?® and HR and 95% CI was esti-
mated.?® For both OS and DFS, each publication was weighted as a
function of the inverse variance of each effect size and forest plots
were constructed. Cochrane Chi? and I? statistics were used to assess
homogeneity for each outcome. Studies were considered to have sig-
nificant heterogenicity when Chi? P-value was less than .1 and 1% was
greater than 50%.

The pooled HR for OS and DFS with early vs delayed adjuvant
therapy was calculated either using the fixed effects model/Manzel-
Haenzel method or random effects model/DerSimonian-Laird method
based on heterogeneity of the included studies. Random effects
method was used when |2 was greater than 50%.

The publication bias was evaluated using Egger's linear regression
and funnel plot analysis to illustrate asymmetry between studies.
Studies were considered to have significant publication bias if P-value

was less than .05. The GRADE approach was utilized to evaluate the
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quality of evidence of this meta-analysis. The assessment includes risk
of bias, imprecision, inconsistency, indirectness, publication bias, mag-
nitude of effects, dose-response relations, and impact of residual con-
founding and bias.?” Using the above parameters, the GRADE
certainty rating is graded as very low, low, moderate, and high. The
GRADEpro Guideline Development Tool (McMaster University, 2020,
developed by Evidence Prime, Inc.) was used to calculate and tabulate
the GRADE certainty rating.

All statistical analyses were performed with Review Manager
(RevMan) (computer program) Version 5.3 (Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014) and StateSE
Version 16 software (StataCorp. 2019. Stata Statistical Software:
Release 16. College Station, TX: StataCorp LLC).

3 | RESULTS

The literature search identified 3099 studies (Figure 1). After screen-
ing of titles and abstracts, complete text of 13 studies were obtained
for further review. Of the 13 studies, two were excluded as they did
not study the effect of timing of adjuvant therapy on long-term out-
comes. In total, we included 11 publications for descriptive analysis in
this study. There were no non-English studies on the subject topic. Of
these 11 studies, one utilized three time periods and was excluded.
Ten studies utilized two time periods: early and delayed-treatment
groups. These 10 studies were further used for performing the meta-

analysis.

3.1 | Study characteristics

Table 1 shows the characteristics of the included studies. 91% of
studies were retrospective cohort studies (Murakami 2013, Patel
2015, Saeed 2015, Yabusaki 2016, Mirkin 2016, Xia 2017, Kim 2017,
Lee 2017, Ma 2019, White 2019) and one study was a post-hoc anal-
ysis of a phase Il randomized clinical trial (Valle 2014). Studies
reported results using a variety of adjuvant chemotherapy regimens.
The most common drugs used were gemcitabine monotherapy,
5-fluorouracil (5-FU) monotherapy, FOLFIRINOX (folinic acid, 5FU,
oxaliplatin, irinotecan), capecitabine, and S-1 (tegafur, gimeracil,
oteracil). Three studies excluded patients who underwent radiation
therapy in addition to adjuvant therapy (Murakami 2013, Valle 2014,
Mirkin 2016). The time from surgery to initiation of chemotherapy
used to delineate early vs delayed ranged from 20 days to 12 weeks
across studies. One retrospective study (Ma 2019) utilized three-time

intervals of <4 weeks, 4 to 8 weeks, and >8 weeks, and was excluded.

3.2 | Timing of adjuvant chemotherapy on OS

Ten studies evaluated the effect of a delay in initiating adjuvant che-

motherapy on OS. In total, these studies included 13 344 patients.

# of records # of additional
identified records
through PubMed identified
database through other
searching sources
(n=938) (Cochrane and
Embase,
n=2161)

¥
# of records after duplicates
removed (n=1265)

# of records
_ lexcluded
(n=1253)

# of records
screened
(n=1265)

# of full-text
articles excluded

# of full-text as they did not
articles assessed study the effect
for eligibility of timing with
(n=13) OS, DFS (n=2)
# of studies

included in

qualitative

synthesis (n=11)

# of studies
included in
quantitative
synthesis
(meta-analysis)
(0S: n=10, DFS:
n=>5)

FIGURE 1 Study flow diagram

The number of patients was nearly equally distributed between early
and delayed-treatment groups.

Due to the varying time cut-offs used in the 10 studies to define
early and late treatment groups, subgroup analyses were performed
for the following cut-offs: 3 to 5 weeks, 6 to 8 weeks, and 9 to
12 weeks. Given the heterogeneity in the definition of the study
groups, random effects model was chosen for all further analyses.
There was a significant decrease in OS in the two studies where adju-
vant therapy was delayed by 3 to 5 weeks after surgery (pooled
HR = 1.86, 95% Cl = 1.25-2.78) (Figure 2). However, there was no sig-
nificant decrease in OS with delayed initiation of adjuvant therapy by
6 to 8 weeks (pooled HR = 0.96, 95% Cl = 0.86-1.06) or 9 to
12 weeks (pooled HR = 1.05, 95% Cl = 0.95-1.16, Figure 3).
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Hazard Ratio
1V, Random, 95% CI

1.1.1 3-5 weeks
Murukami 2013 0.65752 0.318427 2.4%

Kim 2017 0.5988365 0.2638174 3.3%
Subtotal (95% CI) 5.8%

Heterogeneity: Tau? = 0.00; Chi’ = 0.02, df = 1 (P = 0.89); I’ = 0%
Test for overall effect: Z = 3.07 (P = 0.002)

1.1.2 6-8 weeks

1.93 [1.03, 3.60] 2013
1.82 [1.09, 3.05] 2017
1.86 [1.25, 2.78]

-.—

Valle 2014 -0.140989 0.0179 19.0% 0.87[0.84, 0.90] 2014 -

Patel 2015 0.17 0.34 2.2% 1.19 [0.61, 2.31] 2015

Yabusaki 2016 0 0.0263 18.5% 1.00 [0.95, 1.05] 2016 &
Saeed 2016 0 0.1226029 9.5% 1.00 [0.79, 1.27] 2016

Lee 2017 -0.0833816 0.41011 1.5% 0.92 [0.41, 2.06] 2017

Xia 2017 0.0487901 0.1512925 7.5% 1.05[0.78, 1.41] 2017 S L a—

Subtotal (95% CI) 58.3%
Heterogeneity: Tau? = 0.01; Chi’ = 21.74, df = 5 (P = 0.0006); I’ = 77%
Test for overall effect: Z = 0.82 (P = 0.41)

1.1.3 9-12 weeks

Mirkin 2016 -0.0100503 0.04325 17.2%
White 2019 0.0953102 0.0229727 18.7%
Subtotal (95% CI) 35.9%

Heterogeneity: Tau’ = 0.00; Chi’ = 4.63, df = 1 (P = 0.03); I’ = 78%
Test for overall effect: Z = 0.94 (P = 0.35)

Total (95% CI) 100.0%
Heterogeneity: Tau? = 0.01; Chi’ = 80.61, df = 9 (P < 0.00001); I* = 89%
Test for overall effect: Z = 0.59 (P = 0.55)

Test for subaroup differences: Chi’ = 10.50, df = 2 (P = 0.005), I* = 81.0%

FIGURE 2

Hazard Ratio
SE Weight 1V, Random, 95% Cl Year

Study or Subgroup log[Hazard Ratio]

0.96 [0.86, 1.06] >

0.99 [0.91, 1.08] 2016
1.10 [1.05, 1.15] 2019
1.05 [0.95, 1.16]

1.03 [0.93, 1.14]

N

0.5 0.7 1.5
Favors "delayed" group Favors "early" group

Forest plot of delayed vs early initiation of adjuvant chemotherapy on overall survival (OS)

Hazard Ratio
IV, Random, 95% ClI

1.1.1 3-5 weeks
Murukami 2013 0.746 0.2917424 14.0%  2.11[1.19, 3.74] 2013
Kim 2017 0.3506568 0.1823359 24.0%  1.42 [0.99, 2.03] 2017 —e—
Subtotal (95% CI) 38.0% 1.62 [1.12, 2.34] i
Heterogeneity: Tau’ = 0.02; Chi‘ = 1.32, df = 1 (P = 0.25); I* = 24%
Test for overall effect: Z = 2.59 (P = 0.010)
1.1.2 6-8 weeks
Patel 2015 0.0099503 0.3626404 10.1% 1.01 [0.50, 2.06] 2015
Lee 2017 0.0198026 0.2404967 17.9% 1.02 [0.64, 1.63] 2017 —
Xia 2017 0 0.1106702 34.0% 1.00 [0.81, 1.24] 2017 ——
Subtotal (95% CI) 62.0% 1.00 [0.83, 1.21] <P
Heterogeneity: Tau? = 0.00; Chi? = 0.01, df = 2 (P = 1.00); I* = 0%
Test for overall effect: Z= 0.04 (P = 0.97)
Total (95% CI) 100.0% 1.21 [0.94, 1.57] <
P 2 . 2 R o L | | L | |
Heterogeneity: Tau’ = 0.04; Chi* = 7.62, df = 4 (P = 0.11); I’ = 48% b1 o> o's 5 & 0

Test for overall effect: Z = 1.47 (P = 0.14)
Test for subgroup differences: Chi’ = 5.19, df = 1 (P = 0.02), I’ = 80.7%

FIGURE 3

3.3 | Timing of adjuvant chemotherapy on DFS

Five studies examined the effect of delay in adjuvant therapy on DFS
and included 1043 patients. Similarly, due to the varying time cut-offs
used to define early and late treatment groups, subgroup analyses
were performed for the following cut-offs: 3 to 5 weeks and 6 to
8 weeks. There was a significant decrease in DFS when adjuvant ther-
apy was delayed by 3 to 5 weeks after surgery (pooled HR = 1.62,
95% Cl = 1.12-2.34) (Figure 2). Again, there was no significant
decrease in DFS with delayed initiation of adjuvant therapy by 6 to
8 weeks (pooled HR = 1, 95% Cl = 0.83-1.21).

3.4 | Risk of bias (Newcastle-Ottowa score)

Six studies had a NOS score of 7 or higher (high quality observational
studies with low risk of bias) including Valle 2014, Saeed 2016,

Favors "delayed" group Favors "early" group

Forest plot of delayed vs early initiation of adjuvant chemotherapy on disease-free survival (DFS)

Yabusaki 2017, Lee 2017, Xia 2017, and White 2019. The median
NOS score was 7 (range: 6-8) (Table 2, Figure 4). This indicates a high
study quality among the included studies. All studies had equally dis-
tributed “early” and “delayed” treatment cohorts from the same
patient population. Most of the studies adjusted for various
confounding variables including stage, age, and other pathological
findings. Only four studies reported the number of patients lost to
follow-up. However, this number was very small to result in any
potential bias. The remaining six studies did not report the patients

lost to follow-up, which could contribute to selection bias.

3.5 | Publication bias

The funnel plot was used to study the degree of asymmetry of individ-
ual study results around the pooled HR for OS (Figure 5A). Asymmetry
was detected which was further analyzed using the Egger method.
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FIGURE 5 Funnel plot showing the relationship of hazard ratio (HR) and SE on A, overall survival (OS) and B, disease-free survival (DFS)
TABLE 3 GRADE approach to ascertain certainty of evidence

GRADE certainty assessment

Participants (studies) Follow up  Risk of bias Inconsistency

Overall survival (follow up: median 2.75 y)

13344 (10 observational not serious  not serious not serious
studies)

Disease-free survival (follow up: median 2.44 y)

1043 (5 observational studies) not serious  not serious not serious

Abbreviations: Cl, confidence interval; HR, hazard ratio.
?Publication bias was assessed using Funnel plots and the Egger test.

There was significant asymmetry in study results (P = .02) which indi-
cates a publication bias. A funnel plot was also constructed for DFS
and was found to be symmetrical (Figure 5B), as confirmed by Egger
test (P = .59).

3.6 | GRADE certainty rating

The GRADE certainty assessment is shown in Table 3. The GRADE
rating indicated very low and low quality of evidence for the meta-

analyses evaluating OS and DFS, respectively.

Indirectness

Imprecision Publication bias Overall certainty of evidence
not serious  publication bias SOOOVERY LOW
strongly suspected®
not serious  none epOOLOW
4 | DISCUSSION

The role of adjuvant chemotherapy for PDAC has been extensively
studied over the past two decades. As the majority of PDAC are usu-
ally associated with micrometastases at presentation, even at the clin-
ically resectable and localized stage,?® the main goal of adjuvant
chemotherapy is to treat these micrometastases in order to delay
relapse. Collectively, randomized clinical trials show that multi-agent
chemotherapy offers the best chance of long-term survival after pan-
creatic resection,* and this is reflected in the National Comprehensive

Cancer Network (NCCN) guidelines. However, the question of
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chemotherapy timing remains unclear. Many of these landmark trials
studying postoperative chemotherapy in PDAC either did not com-
ment on the timing of therapy initiation or utilized wide time intervals
in which the chemotherapy could be started. As a benchmark, ran-
domized phase Il trials almost universally initiate therapy within
12 weeks of resection. This study reviews the current literature and
provides a meta-analysis to investigate the impact of the timing of
adjuvant chemotherapy initiation on survival for PDAC.

Since chemotherapy offers a survival benefit (as compared to no
chemotherapy), it is logical to suppose a benefit to early initiation of
chemotherapy recovery from surgery. A delay in time to adjuvant che-
motherapy has been associated with worse survival in certain malig-
nancies like head and neck, colorectal, cervical, and breast
cancers.??2® However, studies looking at the same in pancreatic can-
cer have yielded mixed results.

I** concluded that

From the current meta-analysis, Murakami et a
when adjuvant therapy was initiated within 20 days of surgery, it was
associated with better OS. Using data from the ESPAC-3 trial, Valle
et al compared patients who received single-agent gemcitabine or
5-FU after resection. Initiation of chemotherapy before or after
8 weeks postoperatively was not shown to have an effect on
OS. Oddly, subgroup analysis of patients who did not complete adju-
vant therapy (less than six cycles) had a survival advantage if chemo-
therapy was delayed.* The authors attributed this to the insufficient
duration of recovery from immune system suppression following sur-
gery.3436 |n 2015, Patel et al?2 published a report showing that there
was no association between progression-free survival or OS and the
time to start adjuvant therapy (chemotherapy or chemoradiation).

Similarly, Mirkin et al*3

concluded that early initiation of chemother-
apy did not impact survival and recommended adjuvant chemotherapy
be delayed until patients were healthy enough to tolerate the therapy.

Two additional reports from 2016 found no differences in OS when
comparing those who started chemotherapy within 8 weeks of surgery
and those who started treatment after the eight-week timepoint.}4*°
Lee et al*’ reported that early vs late initiation of adjuvant therapy,
defined as before or after 6 weeks postoperatively, did not impact
OS. However, the authors also commented that patients who were able
to complete therapy had a significant survival advantage. A multi-
institutional study from 2017 showed that timing of adjuvant therapy
(before or after 12 weeks postoperatively) did not affect survival, while
those who received surgery alone had a reduced OS compared with
patients who received adjuvant chemotherapy at any time.'®

Finally, a recent meta-analysis showed no differences in survival
when comparing patients who started chemotherapy within 6 to
8 weeks to those who started after 8 weeks.?° The aforementioned
meta-analysis differs from the present one in that it was more limited
in scope. Studies evaluating TTT with cut offs other than 6 to 8 weeks
were not included. The study only included six studies in their analysis
(vs 10 here). Also, DFS was not considered as an outcome. A thorough
risk of bias analysis and effect on the certainty of evidence were not
investigated.

Contrary to the previously mentioned papers, a few studies did

find an association between timing of chemotherapy and survival. For

I'¢ reported that patients who received treatment

instance, Kim et a
within 5 weeks of surgery had significantly better OS, as compared to
those who started therapy after this cutoff. However, patients who
were not able to complete their adjuvant treatment regimen faired
significantly worse. A large study using the NCDB showed that early
adjuvant chemotherapy (started within 4 weeks of surgery) and del-
ayed initiation (started after 8.4 weeks) had higher mortality rates
compared to those who started chemotherapy between 4 and
8.4 weeks.'? This study on its own might suggest that initiation too
early may put the patient at risk, and that a “sweet-spot” timeframe
was possible. White et al?! performed a propensity score matched
analysis of NCDB patients and concluded that patients who received
chemotherapy before 66 days had a better survival advantage.

From our meta-analysis, patients who received adjuvant therapy
3 to 5 weeks after surgery had decreased DFS and OS. However, this
sub-group analysis suffers from the limitation of small sample size
derived from just two retrospective cohort studies. Also, our results
demonstrate a wide confidence interval, which could suggest a rela-
tively imprecise estimate of outcome. We found no significant differ-
ence in DFS and OS between “early” and “delayed” adjuvant therapy
groups at 6 to 8 week and 9 to 12-week cut-offs.

Despite the fact that all of the included studies were observa-
tional, NOS grading suggested that most of the studies were of high
quality. The GRADE approach showed very low and low certainty of
evidence in the studies evaluating OS and DFS, respectively. This low
level of evidence is primarily due to the retrospective observational
study design of nearly all studies. The presence of publication bias
associated with studies evaluating OS further reduces the accuracy of
the data.

There could be many possible reasons for the findings from this
study. As evident, the available literature on timing of adjuvant che-
motherapy after pancreatic resection utilizes various timepoints to
define early vs late initiation. Also, the studies had diverse
populations of pathologically diagnosed stages |, II, 1ll, and IV PDAC
patients. Multiple chemotherapy regimens were utilized between
studies, and even within studies. All of these factors could contrib-
ute to the heterogeneity of results. There seems to be significant
asymmetry of study results on Funnel plot analysis, which was con-
firmed by the Egger test. This may suggest a publication bias in
studies focused on the subject.

Moreover, these data are neither prospective, nor randomized.
Therefore, they are prone to key selection biases. For instance,
patients who have not progressed after a delay in therapy likely have
favorable tumor biology. Had they progressed with recurrence and
metastatic, they would not have been included in the delayed cohort,
since the treatment would be considered palliative and not adjuvant.
This would positively impact survival outcomes in the delayed group.
In contrast, more patients in the early group likely have unfavorable
biology for the same reasons. Many of these patients would progress
through chemotherapy and relapse quickly. On the other hand, many
patients who experience a delay in treatment likely had the most trou-
ble recovering from surgery and would be expected to negatively

impact patients in the delayed treatment group.
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It is also important to recognize that modern chemotherapy,
albeit beneficial, only offers a marginal survival advantage. OS
improvements are typically between 2 and 4 months in most random-
ized trials, while DFS is around 7 months.®” The recent PRODIGE trial
testing FOLFIRNOX is a noteworthy exception with a much stronger

reported benefit.3®

When the signal is so small between treatment
and no-treatment groups and requires several hundred patients to
even detect a difference, we should not be surprised that a delay of a
few months does not translate into a detectable difference. Finally,
category distinctions with a single, dichotomous cutoff point (eg, > or
<8 weeks) may not prove prognostic because they do a poor job of
distinguishing treatment effects across subgroups. If most of the
patients begin therapy around 8 weeks, one would not expect to
detect a signal between patients who start treatment at 9 weeks vs
7 weeks. Rather, studies looking at extreme ends of the treatment
spectrum may prove more informative.

The strongest proponents of early initiation of chemotherapy
often favor the use of neoadjuvant therapy for localized PDAC.*
They argue that this approach guarantees rapid time to systemic
treatment. Currently, there is not enough evidence to support this
argument. The best available literature to date studying multi-agent
chemotherapy for resectable PDAC occurs in the adjuvant set-
ting.284%41 Moreover, early systemic treatment in the SWOG 1505
neoadjuvant trial did not translate into superior survival outcomes
(as compared to historical data from adjuvant trials) that support the
theoretical arguments.*? Taken together, the present study in combi-
nation with other informative and relevant studies in the literature
have not proven that time to treatment (chemotherapy or surgery) is
critical. However, the relatively rapid progression between stages that
is observed with PDAC strongly suggests that time-to-treatment is of
the essence, and that the inability to detect a signal is related to the
above-mentioned limitations and selection biases. After all, localized
PDAC treated with surgery alone has a median survival of roughly
15 months, giving some sense that untreated localized PDAC pro-
gresses to metastatic disease in a year timeframe.*®

The study has technical limitations that also deserve mention.
The included studies had varying definitions for “early” and “delayed”
treatment groups. Though we performed subgroup analyses and
meta-regression to account for the significant heterogeneity of stud-
ies, certain subgroups consisted of statistically less complex or smaller
studies, which may not provide accurate estimates of the actual
effects. Certain studies reported adjusted HR whereas others had
unadjusted HR, which could lead to bias on the pooled analysis. In the
studies that did not provide HR, there may be a possibility of error in
synthesizing the HR from the Kaplan Meier curves. Also, this system-
atic review and meta-analysis is prone to potential errors in search
methodology, selection, and reporting bias. Given the paucity of pro-
spective research in this subject topic, the certainty of evidence of
this meta-analysis is low. An ideal study would involve a prospective,
multi-center, randomized clinical trial. However, feasibility of such a
prospective study would be questionable, provided that ethical con-

cerns in regard to delaying adjuvant therapy in this subset of patients.
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5 | CONCLUSION

Our meta-analysis shows that there was no conclusive evidence
suggesting improved survival in patients starting treatment at various
time cut offs. Given the paucity of prospective studies, the results
need to be cautiously interpreted. Further multi-institutional studies
utilizing similar chemotherapy regimens that compare the extreme
ends of the treatment spectrum are required. Based on our under-
standing of the natural history and biology of PDAC, time-to-
treatment should be optimized with a goal to deliver treatment as
soon as the patient is clinically recovered from surgery and considered
to be fit enough to tolerate chemotherapy.

CONFLICT OF INTEREST

The authors declare no conflicts of interest.

AUTHOR CONTRIBUTIONS

Conceptualization; data curation; formal analysis; investigation; method-
ology; project administration; resources; software; writing-original draft,
K.S.; Methodology; project administration; resources; software; supervi-
sion; validation; visualization; writing-review & editing, J.H.; Data
curation; formal analysis; investigation; methodology; project administra-
tion; resources; software; writing-review & editing, S.D.L.S.; Investigation;
methodology; project administration; supervision; validation; visualiza-
tion; writing-review & editing, L.R.; Investigation; methodology; project
administration; software; supervision; validation; visualization; writing-
review & editing, L.O.; Investigation; methodology; project administration;
software; supervision; validation; visualization; writing-original draft;
writing-review & editing, J.H. and J.A.; Conceptualization; methodology;
project administration; resources; supervision; validation; writing-original
draft; writing-review & editing, J.W.

ETHICAL STATEMENT

This study was approved and registered as a systematic review in
the PROSPERO database on 04/28/2020 (Registration number:
CRD42020170486).

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID

Kavin Sugumar "= https://orcid.org/0000-0002-4311-1312
https://orcid.org/0000-0002-1608-8874

https://orcid.org/0000-0003-3341-9521

https://orcid.org/0000-0003-2131-0369

Jonathan J. Hue
Lee M. Ocuin

John B. Ammori

REFERENCES

1. Cancer Stat Facts. Uterine Cancer. Surveillance, Epidemiology, and
End Results Program [Internet]. 2020. https://seer.cancer.gov/
statfacts/html/pancreas.html.

2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J
Clin. 2020;70(1):7-30.


https://orcid.org/0000-0002-4311-1312
https://orcid.org/0000-0002-4311-1312
https://orcid.org/0000-0002-1608-8874
https://orcid.org/0000-0002-1608-8874
https://orcid.org/0000-0003-3341-9521
https://orcid.org/0000-0003-3341-9521
https://orcid.org/0000-0003-2131-0369
https://orcid.org/0000-0003-2131-0369
https://seer.cancer.gov/statfacts/html/pancreas.html
https://seer.cancer.gov/statfacts/html/pancreas.html

0011 ] W] LEy_ICancer Reports

3.

4.

10.
11.

12.

13.
14.

15.
16.
17.

18.

19.

20.

SUGUMAR ET AL.

Baars JE, Kaffes AJ, Saxena P. EUS-guided biliary drainage: a compre-
hensive review of the literature. Endosc Ultrasound. 2018;7(1):4-9.
National Comprehensive Cancer Network Clinical Practice Guidelines in
Clinical Oncology. Pancreatic Adenocarcinoma. Version 1.2020 -
November 16, 2019. Https://Www.Nccn.Org/Professionals/Physician_
Gls/Pdf/Pancreatic.Pdf. Accessed March 4, 2020.

Klaiber U, Hackert T, Neoptolemos JP. Adjuvant treatment for pan-
creatic cancer. Transl Gastroenterol Hepatol. 2019;4:27. http://dx.doi.
org/10.21037/tgh.2019.04.04.

Neoptolemos JP, Stocken DD, Friess H, et al. A randomized trial of
chemoradiotherapy and chemotherapy after resection of pancreatic
cancer. N Engl J Med. 2004;350(12):1200-1210.

Neoptolemos JP, Stocken DD, Tudur Smith C, et al. Adjuvant
5-fluorouracil and folinic acid vs observation for pancreatic cancer:
composite data from the ESPAC-1 and -3(v1) trials. Br J Cancer. 2009;
100(2):246-250.

Oettle H, Neuhaus P, Hochhaus A, et al. Adjuvant chemotherapy with
gemcitabine and long-term outcomes among patients with resected
pancreatic cancer: the CONKO-001 randomized trial. JAMA. 2013;
310(14):1473-1481.

Regine WF, Winter KA, Abrams R, et al. Fluorouracil-based
chemoradiation with either gemcitabine or fluorouracil chemotherapy
after resection of pancreatic adenocarcinoma: 5-year analysis of the
U.S. intergroup/RTOG 9704 phase Il trial. Ann Surg Oncol. 2011;18
(5):1319-1326. https://doi.org/10.1245/s10434-011-1630-6.

Kaiser MH, Ellenberg SS. Pancreatic cancer: adjuvant combined radia-
tion and chemotherapy following curative resection. Arch Surg. 1985;
120(8):899-903.

Murakami Y, Uemura K, Sudo T, et al. Early initiation of adjuvant chemo-
therapy improves survival of patients with pancreatic carcinoma after
surgical resection. Cancer Chemother Pharmacol. 2013;71(2):419-429.
Valle JW, Palmer D, Jackson R, et al. Optimal duration and timing of
adjuvant chemotherapy after definitive surgery for ductal adenocarci-
noma of the pancreas: ongoing lessons from the ESPAC-3 study.
J Clin Oncol. 2014;32(6):504-512.

Mirkin KA, Greenleaf EK, Hollenbeak CS, Wong J. Time to the initia-
tion of adjuvant chemotherapy does not impact survival in patients
with resected pancreatic cancer. Cancer. 2016;122(19):2979-2987.
Saeed H, Hnoosh D, Huang B, et al. Defining the optimal timing of
adjuvant therapy for resected pancreatic adenocarcinoma: a state-
wide cancer registry analysis. J Surg Oncol. 2016;114(4):451-455.
Yabusaki N, Fujii T, Yamada S, et al. The significance of relative dose
intensity in adjuvant chemotherapy of pancreatic ductal
adenocarcinoma-including the analysis of clinicopathological factors
influencing relative dose intensity. Medicine (Baltimore). 2016;95(29):
4282-4289.

Kim HW, Lee JC, Lee J, Kim JW, Kim J, Hwang JH. Early versus del-
ayed initiation of adjuvant treatment for pancreatic cancer. PLoS One.
2017;12(3):173960-173963.

Lee W, Yoon YS, Han HS, et al. Prognostic relevance of the timing of
initiating and the completion of adjuvant therapy in patients with
resected pancreatic ductal adenocarcinoma. World J Surg. 2017;41(2):
562-573.

Xia BT, Ahmad SA, Al Humaidi AH, et al. Time to initiation of adjuvant
chemotherapy in pancreas cancer: a multi-institutional experience.
Ann Surg Oncol. 2017;24(9):2770-2776.

Ma SJ, Oladeru OT, Miccio JA, lovoli AJ, Hermann GM, Singh AK.
Association of timing of adjuvant therapy with survival in patients
with resected stage | to Il pancreatic cancer. JAMA Netw Open. 2019;
2(8):e199126.

Petrelli F, Zaniboni A, Ghidini A, et al. Timing of adjuvant chemother-
apy and survival in colorectal, gastric, and pancreatic cancer. A sys-
tematic review and meta-analysis. Cancers (Basel). 2019;11(4):
550-561.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

White RJ, Hasan S, Monga D, et al. Time to adjuvant systemic therapy
following pancreatic cancer resection and effect on outcome. Pan-
creas. 2019;48(8):1086-1091.

Patel AA, Nagarajan S, Scher ED, et al. Early vs. Late chemoradiation
therapy and the postoperative interval to adjuvant therapy do not
correspond to local recurrence in resected pancreatic cancer. Pan-
creat Disord Ther. 2015;5(2):151-165.

Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that evalu-
ate healthcare interventions: explanation and elaboration. BMJ. 2009;
339(1):b2700. http://dx.doi.org/10.1136/bm;j.b2700.

Wells G, Shea B, O'Connell D, Peterson J. The Newcastle-Ottawa Scale
(NOS) for Assessing the Quality of Nonrandomised Studies in Meta-Ana-
lyses [Internet]. Ottawa, Canada: Ottawa Hospital Research Institute;
2000. http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.
Cramond F, O'Mara-Eves A, Doran-Constant L, Rice AS, Macleod M,
Thomas J. The development and evaluation of an online application
to assist in the extraction of data from graphs for use in systematic
reviews. Wellcome Open Res. 2018;3:157.

Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. Practical
methods for incorporating summary time-to-event data into meta-
analysis. Trials. 2007;8(1):1745-1761.

Zhang Y, Akl EA, Schiinemann HJ. Using systematic reviews in guide-
line development: the GRADE approach. Res Synth Methods. 2019;10:
312-329.

Seufferlein T, Ettrich TJ. Treatment of pancreatic cancer—
neoadjuvant treatment in resectable pancreatic cancer (PDAC). Transl
Gastroenterol Hepatol. 2019;4(1):21.

Gao P, Zhang HX, Xi SY, et al. Impact of timing of adjuvant chemo-
therapy on survival in stage Il colon cancer: a population-based
study. BMC Cancer. 2018;18(1):234-248.

Ang KK, Trotti A, Brown BW, et al. Randomized trial addressing risk
features and time factors of surgery plus radiotherapy in advanced
head-and-neck cancer. Int J Radiat Oncol Biol Phys. 2001;51(3):
571-578.

Perez CA, Grigsby PW, Castro-Vita H, Lockett MA. Carcinoma of the
uterine cervix. |. Impact of prolongation of overall treatment time and
timing of brachytherapy on outcome of radiation therapy. Int J Radiat
Oncol Biol Phys. 1995;32(5):1275-1288.

Hershman D, Hall MJ, Wang X, et al. Timing of adjuvant chemother-
apy initiation after surgery for stage lll colon cancer. Cancer. 2006;
107(11):2581-2588.

Hershman DL, Wang X, McBride R, Jacobson JS, Grann VR,
Neugut Al. Delay in initiating adjuvant radiotherapy following breast
conservation surgery and its impact on survival. Int J Radiat Oncol Biol
Phys. 2006;65(5):1353-1360.

Suzuki D, Furukawa K, Kimura F, et al. Effects of perioperative
immunonutrition on cell-mediated immunity, T helper type
1 (Th1)/Th2 differentiation, and Th17 response after
pancreaticoduodenectomy. Surgery. 2010;148(3):573-581.

Bellone G, Novarino A, Vizio B, et al. Impact of surgery and chemo-
therapy on cellular immunity in pancreatic carcinoma patients in view
of an integration of standard cancer treatment with immunotherapy.
Int J Oncol. 2009;34(6):1701-1715.

Nowak AK, Robinson BWS, Lake RA. Gemcitabine exerts a selective
effect on the humoral immune response: implications for combination
chemo-immunotherapy. Cancer Res. 2002;62(8):2353-2358.

Alabd A, Alabd A, Bolaji O, et al. Elucidating the causes of improved
survival in clinical trials of randomized adjuvant pancreatic ductal ade-
nocarcinoma (PDAC). Ann Surg Oncol. 2020;28(2):1060-1068.
https://doi.org/10.1245/s10434-020-08859-y.

Conroy T, Hammel P, Hebbar M, et al. FOLFIRINOX or gemcitabine
as adjuvant therapy for pancreatic cancer. N Engl J Med. 2018;379
(25):2395-2406. https://doi.org/10.1056/NEJM0al1809775.


http://https//Www.Nccn.Org/Professionals/Physician_Gls/Pdf/Pancreatic.Pdf
http://https//Www.Nccn.Org/Professionals/Physician_Gls/Pdf/Pancreatic.Pdf
http://dx.doi.org/10.21037/tgh.2019.04.04
http://dx.doi.org/10.21037/tgh.2019.04.04
https://doi.org/10.1245/s10434-011-1630-6
http://dx.doi.org/10.1136/bmj.b2700
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1245/s10434-020-08859-y
https://doi.org/10.1056/NEJMoa1809775

SUGUMAR ET AL

39.

40.

41.

42.

Oba A, Ho F, Bao QR, Al-Musawi MH, Schulick RD, Del Chiaro M.
Neoadjuvant treatment in pancreatic cancer. Front Oncol. 2020;10
(28):245-255.

Oettle H, Post S, Neuhaus P, et al. Adjuvant chemotherapy with
gemcitabine vs observation in patients undergoing curative-intent re-
section of pancreatic cancer: a randomized controlled trial. J Am Med
Assoc. 2007;297(3):267-277.  https://doi.org/10.1001/jama.297.
3.267.

Neoptolemos JP, Palmer DH, Ghaneh P, et al. Comparison of adju-
vant gemcitabine and capecitabine with gemcitabine monotherapy
in patients with resected pancreatic cancer (ESPAC-4): a multi-
centre, open-label, randomised, phase 3 trial. Lancet. 2017;389
(10073):1011-1024.

Sohal D, Duong MT, Ahmad SA, et al. SWOG S1505: results of peri-
operative chemotherapy (peri-op CTx) with mfolfirinox versus
gemcitabine/nab-paclitaxel (Gem/nabP) for resectable pancreatic

43.

|Cancer Reports
1

sl WILEY 2o

ductal adenocarcinoma (PDA). J Clin Oncol. 2020;38(15_suppl):
4504-4504.

Doi R, Imamura M, Hosotani R, et al. Surgery versus radiochemotherapy
for resectable locally invasive pancreatic cancer: final results of a ran-
domized multi-institutional trial. Surg Today. 2008;38:1021-1028.

How to cite this article: Sugumar K, Hue JJ, De La Serna S,

et al. The importance of time-to-adjuvant treatment on
survival with pancreatic cancer: A systematic review and
meta-analysis. Cancer Reports. 2021;4:e1390. https://doi.org/
10.1002/cnr2.1390


https://doi.org/10.1001/jama.297.3.267
https://doi.org/10.1001/jama.297.3.267
https://doi.org/10.1002/cnr2.1390
https://doi.org/10.1002/cnr2.1390

	The importance of time-to-adjuvant treatment on survival with pancreatic cancer: A systematic review and meta-analysis
	1  INTRODUCTION
	2  METHODS
	2.1  Protocol and registration
	2.2  Search strategy
	2.3  Data extraction and synthesis

	3  RESULTS
	3.1  Study characteristics
	3.2  Timing of adjuvant chemotherapy on OS
	3.3  Timing of adjuvant chemotherapy on DFS
	3.4  Risk of bias (Newcastle-Ottowa score)
	3.5  Publication bias
	3.6  GRADE certainty rating

	4  DISCUSSION
	5  CONCLUSION
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	  ETHICAL STATEMENT
	  DATA AVAILABILITY STATEMENT

	REFERENCES


