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Abstract

Background Adjuvant chemotherapy (AC) improves the prognosis after pancreatic ductal adenocarcinoma (PDAC)
resection. However, previous studies have shown that a large proportion of patients do not receive or complete AC.
This national study examined the risk factors for the omission or interruption of AC.

Methods Data of all patients who underwent pancreatic surgery for PDAC in France between January 2012

and December 2017 were extracted from the French National Administrative Database. We considered “omission

of adjuvant chemotherapy” (OAC) all patients who failed to receive any course of gemcitabine within 12 postopera-
tive weeks and “interruption of AC”" (IAC) was defined as less than 18 courses of AC.

Results A total of 11 599 patients were included in this study. Pancreaticoduodenectomy was the most com-

mon procedure (76.3%), and 31% of the patients experienced major postoperative complications. OACs and IACs
affected 42% and 68% of the patients, respectively. Ultimately, only 18.6% of the cohort completed AC. Patients who
underwent surgery in a high-volume centers were less affected by postoperative complications, with no impact

on the likelihood of receiving AC. Multivariate analysis showed that age > 80 years, Charlson comorbidity index

(CCl) =4, and major complications were associated with OAC (OR=2.19; Clgsq,[1.79-2.68]; OR=1.75; Clysq,[1.41-2.18]
and OR=2.37; Clgso,[2.15-2.62] respectively). Moreover, age = 80 years and CCl 2-3 or >4 were also independent risk
factors for IAC (OR=1.54, Clggq,[1.1-2.15]; OR=1.43, Clgso,[1.21-1.68]; OR=1.47, Clgs,,[1.02-2.12], respectively).

Conclusion Sequence surgery followed by chemotherapy is associated with a high dropout rate, especially in octo-
genarian and comorbid patients.
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Introduction

Despite tremendous efforts to improve prognosis, pan-
creatic ductal adenocarcinoma (PDAC) is expected to
be the second leading cause of cancer [1]. After curative
resection, adjuvant chemotherapy (AC) can significantly
improve disease-free and overall survivals [2]. Since the
CONKO-001 trial, gemcitabine for 6 months was the
recommended regimen after resection until the FOL-
FIRINOX regimen became the current standard [3].

AC is considered an important component of multi-
modal PDAC treatment. However, previous studies have
shown that most patients undergoing curative-intent
resection do not receive AC after surgery. Indeed, a
recent study by Bertens et al. reported that nearly half of
patients failed to receive AC after surgery for PDAC [4].
The main reasons given were related to the occurrence of
postoperative complications and poor general condition.
Furthermore, early interruption of adjuvant chemother-
apy (IAC) has a significant negative impact on the sur-
vival of PDAC patients [5].

Previous studies have identified predictive factors
for not receiving AC after pancreatectomy for PDAC
[6, 7]. Most of these studies focused on factors related
to patients without considering the impact of hospital
characteristics. However, we previously reported that
postoperative outcomes after pancreatectomy were con-
siderably correlated with hospital volume [8]. This vol-
ume-outcome relationship after pancreatectomy can be
cautiously extrapolated to AC. However, the correlation
between hospital volume and AC remains unknown.

Therefore, this nationwide study investigated the fac-
tors associated with the likelihood of receiving and com-
pleteness of AC. We also aimed to study the variation
between the hospital volume and AC after pancreatec-
tomy for PDAC. The results could help to identify rea-
sons for underutilization of AC to improve the outcomes
of patients with pancreatic cancer.

Patients and methods

PMSI database

Data were extracted from the French National Admin-
istrative Database for Hospital Care (Programme de
Médicalisation des Systémes d’Information, PMSI) as
described elsewhere [9]. This database includes summa-
ries of all hospital stays in France and links each admis-
sion to the same patient. All diagnoses and therapeutic
procedures were carefully collected and summarized
using a dedicated coding system. Discharge abstracts
included patient demographics, diagnosis (based on
the International Classification of Diseases, 10th edi-
tion [ICD-10]), and therapeutic procedures (based on
the Classification of Commune des Actes Médicaux
[CCAM]) [10]. The relevance and reliability of this
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dataset for clinical studies have been validated multiple
times [11].

Study population

Patients who underwent pancreatoduodenectomy (PD),
distal pancreatectomy (DP), or total pancreatectomy
(TP) for pathologically confirmed PDAC with curative
intent between January 2012 and December 2017 were
included. We used ICD-10 to define all primary diagnoses
identified during admission for elective pancreatectomy.
The exclusion criteria were exploratory laparotomies,
bypass procedures, and death within 90 postoperative
days (POD), age below 18 years, residence outside met-
ropolitan France, and an incorrect patient identifier. The
study complied with French National Health guidelines
on research involving human subjects. IRB approval was
not needed for this study.

Study variables

Data regarding demographic characteristics (age, sex,
nutritional status, and obesity), surgical and postop-
erative courses (type of procedure, need for vascular
resection, intensive care unit (ICU) stay, postoperative
complications), and hospital characteristics (type of facil-
ity and hospital volume) were extracted from the PMSI
database. Comorbidities were weighted using the vali-
dated Charlson comorbidity index (CCI), and patients
were further stratified into four groups according to
surgical risk (0,1,2-3,>4) [12]. Other variables analyzed
were sex, age, neoadjuvant chemotherapy, malnutrition
according to French guidelines [13], obesity and surgical
procedure.

We categorized postoperative complications as minor
or major complications up until 90 days after pancrea-
tectomy. As previously described, we considered a major
complication if the patient required readmission to the
step down care unit (SDCU) with at least one compli-
cation encoded or if the patients required critical care
in the ICU. We also considered a major complication if
it required a reoperation procedure. Reoperation was
defined as a surgical, endoscopic, or radiological proce-
dure performed postoperatively. Minor complications
included any complications that did not lead to ICU
admission or a second stay in the SDCU [14]. According
to our previous study, we used the discriminant thresh-
old of 26 annual pancreatectomies to define a low (>26
cases/year) and high (> 26 cases/year) volume center [8].

During the study period, the recommended protocol
in the adjuvant setting was gemcitabine, started within 3
months and continued for 6 months (18 courses). Thus,
we considered as “OAC” all patients who failed to receive
at least one course of gemcitabine within 12 postopera-
tive weeks. IAC was defined as less than 18 courses of
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AC, regardless of the duration of treatment. Any chemo-
therapeutic treatment received by the patient before sur-
gery was considered neoadjuvant chemotherapy.

Statistical analysis

Categorial variables were compared using the Khi-square
test of Pearson and given as a percentage. Quantitative
variables were compared using Fisher’s exact test and
expressed as means and standard deviations. We per-
formed multivariate analysis using the logistic regression
method and included the following variables: surgical
volume, age, comorbidity, type of pancreatectomy, vascu-
lar resections, and neoadjuvant chemotherapy. The tests
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were bilateral, and the level of statistical significance was
set at 5%. Stata version 13.1 (StataCorp, College Station,
TX, USA) was used for all analyses.

Results

Description of the study population

A total of 11 599 patients underwent pancreatic surgery
for PDAC in France, between January 2012 and Decem-
ber 2017. The main characteristics of the patients are
summarized in Table 1. The mean age of the patients was
66 years, and 53.5% were men. Twelve percent (n=1401)
received neoadjuvant chemotherapy before surgery. PD
was the most common procedure (76.3%), and 19.5% of

Table 1 Characteristics of the 11,599 patients operated on for PDAC between 2012 and 2017 in France, stratified according to the

receipt of adjuvant chemotherapy

Complete AC
Total No AC (n=4929) Im&‘zzg‘;f ¢ (n:pzm) )
N % N % N % N %
year of surgery
2012 1,804 15.6 815 16.5 660 14.6 329 15.3 0.406
2013 1,858 16 790 16 730 16.2 338 15.7
2014 1,908 16.4 795 16.1 735 16.3 378 17.5
2015 1,994 17.2 825 16.7 794 17.6 375 17.4
2016 1,957 16.9 812 16.5 782 17.3 363 16.8
2017 2,078 17.9 892 18.1 812 18 374 17.3
Gender
Male 6,204 53.5 2,657 53.9 2,376 52.6 1,171 54.3 0.336
Female 5,395 46.5 2,272 46.1 2,137 47.4 986 45.7
Age (mean + SD) 66 + 10.6 66.9 +11.7 65.5+9.7 64.9+94 <0.001
CCI
0 6,348 54.7 2,540 51.5 2,529 56 1,279 59.3 <0.001
1 2,964 25.6 1,253 25.4 1,133 25.1 578 26.8
2-3 1,886 16.3 900 18.3 728 16.1 258 12
>=4 401 3.5 236 4.8 123 2.7 42 1.9
Obesity 855 7.4 407 8.3 308 6.8 140 6.5 0.006
Malnutrition 3,853 33.2 1,527 31 1,605 35.6 721 33.4 <0.001
Neoadjuvant Chemotherapy 1,401 12.1 545 11.1 736 16.3 120 5.6 <0.001
HVC
No 7,590 65.4 3,206 65 2,882 63.9 1,502 69.6 <0.001
Yes 4,009 34.6 1,723 35 1,631 36.1 655 30.4
Type of procedure
PD 8,853 76.3 3,532 71.7 3,631 80.5 1,690 78.3
DP 2,680 23.1 1,365 27.7 857 19 458 21.2 <0.001
TP 66 0.6 32 0.6 25 0.6 9 0.4
Laparoscopy 512 4.4 304 6.2 138 3.1 70 3.2 <0.001
Vacscular resection 2,259 19.5 882 17.9 986 21.8 391 18.1 <0.001
Complication
No 4,716 40.7 1,671 33.9 2,027 44.9 1,018 47.2 <0.001
Minor 3,337 28.8 1,358 27.6 1,383 30.6 596 27.6
Major 3,546 30.6 1,900 38.5 1,103 24.4 543 25.2
Type of complication
Pancreatic fistula 789 6.8 488 9.9 213 4.7 88 4.1 <0.001
Hemorrhage 2,273 19.6 1,241 25.2 695 15.4 337 15.6 <0.001
Infection 3,144 27.1 1,629 33 1,048 23.2 467 21.7 <0.001
Pulmonary 2,142 18.5 1,230 25 628 13.9 284 13.2 <0.001
Renal 1,123 9.7 702 14.2 284 6.3 137 6.4 <0.001
Shock 1,379 11.9 913 18.5 332 7.4 134 6.2 <0.001
Thromboembolism 741 6.4 422 8.6 234 52 85 3.9 <0.001

AC Adjuvant chemotherapy, SD Standard deviation, CCl Charlson comorbidity index, HVC High Volume Center, PD Pancreaticoduodenectomy, DP Distal

Pancreatectomy, TP Total pancreatectomy
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patients required vascular resection. Sixty percent of the
patients experienced at least one postoperative complica-
tion, and half of these complications were considered as
major (Table 1).

Overall, 4929 patients (42.5%) did not receive any
course of chemotherapy within 12 postoperative weeks;
therefore, the AC exposure rate was 57.5%. Moreover,
approximately two-thirds of the patients (67.7%) were
affected by IAC. Ultimately, only 18.6% of the cohort
completed adjuvant treatment. The absolute number of
pancreatectomies for cancer increased over the study
period (1804 in 2012 and 2078 in 2017), but the rates of
OAC and IAC remained stable (p=0.406).

Surgical volume

Thirty-four percent of patients underwent surgery in a
high-volume center (Table 2). No differences in age or
comorbidities were found between the high-and low-vol-
ume centers. However, malnutrition was more common
in patients who underwent pancreatectomy at high-vol-
ume centers (40% vs. 29%, p <0.001). Moreover, neoad-
juvant treatment and vascular resection were performed

Table 2 Surgical volume of centers
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more frequently in high-volume centers than in low-vol-
ume centers (17.5% vs. 9.2%, p<0.001 and 26% vs. 16%,
p<0.001, respectively).Finally, the rate of postoperative
complications was lower in high-volume centers (56.2%
vs. 61%, p <0.001), especially major complications (26.6%
vs. 32.6%, p <0.001).

Risk factors for OAC

The risk factors associated with OAC are presented in
Table 3. Univariate analysis revealed that age >80 years
( odds ratio (OR)=2.27; Clgg, [1.87-2.76]), CCI>4
(OR=2.14; Clggy [1.75-2.63]), and the occurrence of a
major postoperative complication (OR=2.1; Clgg [1.92—
2.30]) were the main risk factors for OAC.

Neoadjuvant chemotherapy was associated with lower
OAC (OR=0.84; Clys [0.75-0.95]) along with pancrea-
tectomy with vascular resection (OR=0.84; Clys, [0,
76—092]). Interestingly, surgical volume had no impact
on the likelihood of receiving AC.

On multivariate analysis, most of these results were
confirmed: age>80 years, CCI>4, and major com-
plications were independently associated with OAC

High Volume* (n=4009) Low volume* (n=7590) P
N % N %

Age

<50 311 7.8 516 6.8 0.059

50-59 737 18.4 1,311 17.3

60-69 1,418 354 2,640 34.8

70-79 1,242 31 2,512 33.1

>80 301 7.5 611 8.1
CCI

0 2,193 54.7 4,155 54.7 0.164

1 990 24.7 1,974 26

2-3 673 16.8 1,213 16

>4 153 3.8 248 33
Obesity 306 7.6 549 7.2 0.433
Malnutrition 1,618 40.4 2,235 29.4 <0.001
Neoadjuvant chemotherapy 702 17.5 699 9.2 <0.001
Type of procedure

PD 3,082 76.9 5,771 76

DP 901 22.5 1,779 234 0.371

TP 26 0.6 40 0.5
Vacscular resection 1,048 26.1 1,211 16 <0.001
Complication

No 1,754 43.8 2,962 39 <0.001

Minor 1,187 29.6 2,150 28.3

Major 1,068 26.6 2,478 32.6
Adjuvant Chemotherapy 2,286 57 4,384 57.8 0.444
Complete Chemotherapy 655 16.3 1,502 19.8 <0.001

*High Volume Centers were defined as those who perform more than 26 pancreatic resection annually (see Method); CCI Charlson comorbidity index, PD

Pancreaticoduodenectomy, DP Distal Pancreatectomy, TP Total pancreatectomy
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Table 3 Uni-and multivariate analysis of risk factors for omission of adjuvant chemotherapy

Univariate Multivariate
OR Closy, p OR Closy, p

Age

<50 Ref Ref

50-59 0.67 0.57 -0.79 <0.001 0.63 0.53-0.75 <0.001

60-69 0.67 0.58 - 0.78 <0.001 0.63 0.54-0.74 <0.001

70-79 0.91 0.78 - 1.05 0.196 0.84 0.71 - 0.98 0.027

>80 2.27 1.87 - 2.76 <0.001 2.19 1.79 - 2.68 <0.001
CCI

0 Ref Ref

1 1.1 1-1.2 0.039 1.08 0.99-1.19 0.09

2-3 1.37 1.23-1.52 <0.001 1.24 1.11-1.39 <0.001

>4 2.14 1.75 - 2.63 <0.001 1.75 1.41-2.18 <0.001
Obesity

No Ref

Yes 1.25 1.09 - 1.44 0.002
Malnutrition

No Ref

Yes 0.84 0.77 - 0.91 <0.001
Neoadjuvant Chemotherapy

No Ref Ref

Yes 0.84 0.75-0.95 0.004 0.54 0.46 - 0.64 <0.001
HVC

No Ref

Yes 1.03 0.95-1.11 0.444
Type of Procedure

PD Ref Ref

DP 1.56 1.43 - 1.71 <0.001 1.69 1.53 - 1.86 <0.001

TP 1.42 0.87-2.3 0.156 1.39 0.84 - 2.31 0.205
Vascular Resection

No Ref Ref

Yes 0.84 0.76 - 0.92 <0.001 0.79 0.71 - 0.88 <0.001
Complication

No Ref Ref

Minor 1.25 1.14 - 1.37 <0.001 1.27 1.16 - 1.4 <0.001

Major 2.1 1.92-2.3 <0.001 2.37 2.15-2.62 <0.001

OR Odds Ratios, Clyge, 95% Confidence Interval, CC/ Charlson comorbidity index, HVC High Volume Center, PD Pancreaticoduodenectomy, DP Distal Pancreatectomy, TP

Total pancreatectomy

(OR=2.19; Clggy [1.79-2,68]; OR=1.75; Clyg, [1.41-
2.18] and OR=2.37; Clgg, [2.15-2.62], respectively),
while neoadjuvant chemotherapy and vascular resection
remained associated with a lower risk of OAC. Surpris-
ingly, we found that DP was an independent risk factor
for OAC (OR=1.69; Clys,, [1.53-1.86]).

Risk factors for IAC

Logistic regression analysis showed that age>80 years
(OR=1.54; Clyg, [1.1 — 2.15]), CCI 2-3 (OR=1.43; Clys,
[1.21-1.68]), and CCI>4 (OR=1.47; Clys,, [1.02-2.12])
were also independent risk factors for IAC (Table 4). Sim-
ilarly, neoadjuvant chemotherapy, high hospital volume,

and vascular resection were associated with an increased
likelihood of IAC (OR=1.78; Clys, [1.42-2.24], OR=1.2;
Clgse [1.01-1.44] and OR=1.19; Clgs, [1.03-1.37],
respectively). Postoperative complications, either major
or minor, were not associated with ICA (OR=0.99; Clgs,
[0.86—1.13], OR=1.12; Clyg, [0.99-1.27] respectively).

Discussion

In the current study, we used an administrative data-
base to identify factors associated with adjuvant chemo-
therapy after pancreatectomy for PDAC. We showed
that approximately 40% of the patients undergoing pan-
createctomy for PDAC failed to receive AC. Additionally,
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Table 4 Table 4 Uni- and multivariate analysis of risk factors for interruption of adjuvant chemotherapy

Univariate Multivariate
OR Closy, p OR Closy, p

Age

<50 Ref Ref

50-59 0.99 0.79 - 1.24 0.909 0.98 0.78-1.24 0.88

60-69 1.05 0.85-1.3 0.641 1.04 0.83-1.29 0.759

70-79 1.11 0.9-1.39 0.33 1.1 0.87 - 1.37 0.427

>80 1.54 1.11-2.13 0.01 1.54 1.1-2.15 0.012
CCI

0 Ref Ref

1 0.99 0.88-1.12 0.888 0.99 0.88-1.13 0.936

2-3 1.43 1.22-1.67 <0.001 1.43  1.21-1.68 <0.001

>4 1.48 1.04 -2.12 0.03 1.47 1.02-2.12 0.04
Obesity

No Ref

Yes 1.06 0.86-1.3 0.61
Malnutrition

No Ref

Yes 1.1 0.99 -1.22 0.087
Neoadjuvant Chemotherapy

No Ref Ref

Yes 3.31 2.71 -4.04 <0.001 1.78 1.42-2.24 <0.001
HVC

No Ref Ref

Yes 1.3 1.16 - 1.45 <0.001 1.2 1.01 - 1.44 0.043
Type of Procedure

PD Ref Ref

DP 1.15 1.01-1.3 0.033 0.86 0.75-0.99 0.031

TP 1.48 0.69 - 3.21 0.312 1.17  0.53-2.56 0.7
Vascular Resection

No Ref Ref

Yes 1.26 1.11-1.44 <0.001 1.19 1.03-1.37 0.015
Complication

No Ref Ref

Minor 1.17 1.03 -1.32 0.014 .12 0.99-1.27 0.076

Major 1.02 0.9-1.16 0.759 0.99 0.86-1.13 0.836

OR Odds ratios, C195% 95% Confidence Interval, CCI Charlson comorbidity index, HVC High Volume Center, PD pancreaticoduodenectomy, DP Distal Pancreatectomy,

TP Total pancreatectomy

in two-thirds of the cases, treatment was prematurely
stopped. Elderly patients and those with comorbidities
were less likely to have AC. Similarly, age >80 years and
CCI > 2 were risk factors for IAC. In view of these worry-
ing findings, management of patients with PDAC should
be considered.

The results of the current study are consistent with
those of other population-based studies conducted in
Europe and the United States. Altmanet al. reported that
in the MEDICARE population, 35% of patients received
AC, and only 7% completed the full course [15]. How-
ever, other countries have reported better AC rates after

pancreatic cancer resection. In a recent study from the
Dutch Pancreatic Cancer Audit, the rate of OAC use was
33% [7]. Similarly, a multicenter study in Japan showed
that 66% of patients received AC [16].

Our results showed that for octogenarians, the risk
of OAC was double, and 70% of those who initiated it
did not complete the treatment. Previous studies have
reported similar results, suggesting an effect of age on
patient selection for AC [17, 18]. Several reasons could
be advocated to explain this finding. First, the occurrence
of postoperative morbidity increases in older patients,
leading to a longer postoperative recovery. Second, poor
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tolerance to severe adverse effects and altered quality of
life are more likely to occur in older patients, which con-
tributes to limited access to AC for these patients. Third,
the elderly are largely underestimated in clinical trials, in
which the findings are not necessarily applicable to these
patients. In France, it is recommended that all patients
deemed fit should receive six months of AC after surgery
regardless of age and tumor stage [19]. During the study
period, 18 courses of gemcitabine were recommended,
primarily based on the CONKO-001 trial [20]. This trial
only included patients who had fully recovered from sur-
gery, in good general condition with good bone marrow
function and no active infection, impaired coagulation or
renal function, etc. Although these conditions are requi-
site for a trial, the majority of the patients were excluded.
These findings are worrying, given the worse prognosis
and poor survival benefit of surgery alone compared to
palliative chemotherapy in the octogenarian population
(13 vs. 10 months, respectively, in the retrospective anal-
ysis by Marmor et al. [18].

In the current study, approximately one-third of
patients experienced major complications after pancrea-
tectomy. Interestingly, we found that the risk of OAC was
2.34 fold higher after major complications. This correla-
tion was previously reported by Labori et al. [21]. The
authors reported that oth initiation and completion rates
of AC were significantly lower in patients with postop-
erative major complication. Importantly, postoperative
complications are also associated with a higher rate of
recurrence and worse prognosis after PDAC resection
[6, 22]. In addition to increasing the risk of OAC, postop-
erative complications can induce immune suppression by
inflammation and associated immunological phenomena
leading to worse oncological outcomes [23, 24]

Interestingly, we have shown that vascular resection
was associated with a higher rate of IAC but tended to
decrease the risk of OAC. This trend has already been
observed in a large American retrospective study by DeP-
eralta et al. [25]. Perhaps patients selected for these diffi-
cult surgeries had a better baseline general condition and
were more frequently treated with neoadjuvant chemo-
therapy. In addition, these findings may be driven by the
disease burden and toxicity of extended chemotherapy.
Thus, the performance of vascular resections did not
limit the ability to initiate AC but was associated with an
increased risk of chemotoxicity.

Distal pancreatectomies are less morbid than PD, and
we believe that the risk of OAC would be lower. Our data
refute this hypothesis and show a significantly higher risk
of OAC use after DP. This trend seems surprising, but
has already been reported. Bergquist et al. found a similar
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OAC rate between DP and PD in a retrospective analysis
of 13 501 pancreatectomies (33.7% and 32%, respectively;
p=0.148) [26]. Note that in this study, the readmission rate
did not differ between the DP and PD groups (8.7% vs. 8%,
respectively; p=0.386). Thus, DP is perhaps responsible
for more occult and less severe adverse events than DP but
may postpone the onset of AC. Diabetes, for instance, is
significantly more common after DP than after PD [27] and
can interfere with the initiation of AC. We also found that
thromboembolic complications were more likely to occur
after DP than after PD (8.2% vs. 5.9%, p <0.001, Supplemen-
tal Table 1). Furthermore, thromboembolic complications
were independently associated with OAC use (odds ratio
[OR],1.86; 95%[1.6—2.17], Supplemental Table 2).

The results of our study should be interpreted consid-
ering several limitations. The retrospective and admin-
istrative approaches are exposed to selection bias and
coding errors. However, the PMSI database is the basis
of the financial allocation for all health establishments.
Consequently, the French Ministry of Health frequently
checks the quality of encoding. In addition, we only
focused on this study on patients who received gemcit-
abine chemotherapy in order to ensure greater uniform-
ity. However, FOLFIRINOX regimen is considered as
the current standard for adjuvant chemotherapy after
pancreatectomy for PDAC. Therefore, the results of
this study should be carefully interpreted. However, in
France, all cancer cases are submitted to a multidiscipli-
nary board. Therefore, the proportion of patients treated
outside the recommendations (clinical trials) should be
marginal. Finally, PMSI is an administrative database that
lack detailed clinical information regarding oncological
characteristics of tumors and survival data of patients.
Despite these limitations, the current study is the first to
report the rates of omission and interruption of adjuvant
chemotherapy after pancreatectomy for cancer in France.

Conclusion

We showed that omission and interruption of adjuvant
treatment were common after pancreatectomy for pan-
creatic cancer in France. Nearly 80% of the patients who
underwent surgery failed to complete the postoperative
chemotherapy protocol. Therefore, new strategies are
necessary to improve chemotherapy exposure in poten-
tially curable patients.
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