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Abstract

In cancer patients, impairment of kidney function is not uncommon. Recently, the efficacy of the combination of gemcit-
abine and nab-paclitaxel for pancreatic ductal adenocarcinoma (PDAC) patients has been reported, however, there is no
recommendation for dose and administration to patients undergoing hemodialysis (HD). A 66-year-old man began receiving
HD for chronic renal failure 4 years previously. He suffered from diarrhea, back pain, and loss of appetite, and his weight
gradually decreased. Abdominal dynamic computed tomography showed a 45-mm hypodense mass in the pancreatic body
and a 30-mm hypodense mass in the liver. The patient was diagnosed with metastatic PDAC. He started combination chemo-
therapy of gemcitabine and nab-paclitaxel without dose modification. He developed pneumonia and neutropenia in the first
and second courses, so we modified to a 60% dose of gemcitabine and nab-paclitaxel on day 1 every 2 weeks. After dose
modification, he continued combination chemotherapy for over 7 months without severe adverse events or tumor progres-
sion. Combination chemotherapy using gemcitabine and nab-paclitaxel was effective in a PDAC patient undergoing HD.
While it is possible to originally administer these drugs with no dose modification, early dose modification was needed for
our patient because of severe adverse events.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one of the
most fatal cancers, and the 5-year overall survival (OS)
rate for metastatic pancreatic cancer remains at 2%, with a
median life expectancy of <1 year [1]. One reason for this
low survival rate is that chemotherapy using gemcitabine
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(GEM) has been the only available treatment for a long time.
Recently, however, the efficacy of multi-agent chemotherapy
for metastatic PDAC has been examined [2, 3]. The median
OS of PDAC patients receiving a combination chemo-
therapy regimen comprising oxaliplatin, irinotecan, fluo-
rouracil, and leucovorin (FOLFIRINOX) was 11.1 months,
compared with an OS of 6.8 months in patients receiving
gemcitabine, and the response rate of FOLFIRINOX was
32% [2]. In the gemcitabine plus nab-paclitaxel trial (the
MPACT trial), the median OS of patients in the experimental
arm was 8.5 months, compared with an OS of 6.7 months
in patients receiving gemcitabine, and the response rate of
gemcitabine plus nab-paclitaxel was 23% [3]. Moreover, in
Japanese patients, the objective response rate of gemcitabine
plus nab-paclitaxel therapy was 58.8%, and the median OS
was 13.5 months [4]. However, patients with impaired renal
function or undergoing hemodialysis (HD) were excluded
from these studies. Moreover, there are only a few reports
about chemotherapy for PDAC patients receiving HD [5, 6],
and these reports dealt with monotherapy using gemcitabine
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only, so there is no report about the combination of gemcit-
abine plus nab-paclitaxel.

Several studies have reported that patients with chronic
kidney disease are at a higher risk of developing various can-
cers than the general population [7-10]. Moreover, patients
receiving long-term dialysis are at a significant risk for all
cancers [9]. Therefore, reports on the treatment of cancer in
patients receiving hemodialysis (HD) are important.

We treated a patient with metastatic PDAC concurrently
undergoing HD. The patient was administered chemotherapy
of gemcitabine plus nab-paclitaxel, and we report the clini-
cal course here.

Case report

A 66-year-old man was undergoing peritoneal dialysis
for chronic renal failure due to chronic glomerulonephri-
tis 5 years previously and had switched to HD three times
weekly beginning 4 years previously. He also had coexist-
ing diseases, including hypertension and angina. The patient
suffered from diarrhea and back pain since 1 month before.
The patient experienced loss of appetite and gradual weight
decrease, and he was referred to our department. His serum
carbohydrate antigen 19-9 (CA 19-9) levels were elevated to
26061.7 U/mL. Abdominal dynamic computed tomography
(CT) showed a 45-mm hypodense mass with distal dilatation
of the main pancreatic duct in the pancreatic body (Fig. 1).
This mass extended to the portal vein, splenic artery, com-
mon hepatic artery, and celiac artery. Ascites was found
in the pelvic cavity. Moreover, a 30-mm hypodense mass
was found in the liver. The patient underwent endoscopic
ultrasound-guided fine needle aspiration of the pancreatic
body mass, which revealed adenocarcinoma, class V. He was
diagnosed with metastatic PDAC.

We planned to administer nab-paclitaxel (125 mg per
square meter of body-surface area) in combination with
gemcitabine (1000 mg per square meter) on days 1, 8, and
15, on a 4-week cycle [3, 4]. Laboratory findings before

Fig.1 a Abdominal dynamic
computed tomography showed
a 45-mm hypodense mass with
distal dilatation of the main
pancreatic duct at the pancre-
atic body (arrow). b A 30-mm
hypodense mass was found in
the liver (arrow head)

administration of chemotherapy showed mild leukocytope-
nia and anemia, including the following: white blood cells,
3300/uL; neutrophils, 1914/uL; hemoglobin, 11.6 g/dL; and
platelets, 18.5x 10%/uL. The levels of aspartate aminotrans-
ferase, alanine aminotransferase, and C-reactive protein were
within the normal range. Chemotherapy was administered
in the afternoon and he received HD on the next day in the
morning.

During the first course of chemotherapy, he developed
a fever on day 7, and was diagnosed with pneumonia after
CT. Antibiotics were administered, and chemotherapy was
not administered on day 8. On day 15, his pneumonia had
improved, but his granulocyte count was < 1000/pL, so
chemotherapy was also not administered on day 15.

For the second course of chemotherapy, we administered
an 80% dose of nab-paclitaxel and gemcitabine on day 1,
because of the adverse events that occurred during the first
course. However, he developed a fever and was ill with pneu-
monia again on day 6, and administration of nab-paclitaxel
and gemcitabine was skipped on day 8. After administration
of antibiotics, he recovered from pneumonia. Because he
developed pneumonia despite the 20% reduction in dose, we
further reduced the dose of nab-paclitaxel and gemcitabine
to 60% on day 1 every 2 weeks. After that, he received 14
cycles of chemotherapy at that dose. During this time, the
patient did not experience pneumonia or any other grade 3
or higher adverse events (according to the National Cancer
Institute Common Terminology Criteria for Adverse Events,
version 4.0) [11].

To determine the effectiveness of chemotherapy, abdomi-
nal CT was performed (Fig. 2). Both the pancreatic mass and
the liver metastasis had expanded at the beginning of treat-
ment compared to the time of diagnosis; the liver metastasis
had increased in size to 45 mm. After 2 cycles of chemo-
therapy, the liver metastasis had reduced to 30 mm, and we
assessed the patient as having stable disease according to
the Response Evaluation Criteria in Solid Tumor guidelines.
While the serum CA 19-9 levels had increased to 92590.7
U/mL before the start of chemotherapy, they decreased
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Fig.2 Computed tomography images in the upper row show the pan-
creatic mass and those in the lower row show the liver metastasis. a,
b At the start of chemotherapy; ¢, d after 2 cycles; e, f after 8 cycles;
g, h after 12 cycles; i, j after 16 cycles; and k, 1 after 18 cycles of

with treatment, and were 2211.8 U/mL after 10 cycles of
chemotherapy (Fig. 3). After 8 cycles of chemotherapy, a
new liver metastasis appeared next to the previous metas-
tasis. Although this new lesion appeared, we assessed that
this chemotherapy regimen was clinically effective because
of the reduction in size of the previous metastasis and the
decrease in serum CA19-9 levels, and this treatment was
continued for another 8 cycles.

After 16 cycles of chemotherapy, 8 months after the
start of chemotherapy, the liver metastasis had re-expanded
to 40 mm, and the serum CA 19-9 levels had increased to

Fig.3 The serum carbohydrate U/mL
antigen 19-9 levels increased to
92590.7 U/mL before start- 100000
ing chemotherapy. After 10 90000 -
cycles of chemotherapy, they
decreased to 2211.8 U/mL in 80000 -
February. However, they started
rising again in spite of con- 70000 -
tinued chemotherapy. (GnP*:
combination chemotherapy with 60000 -
gemcitabine and nab-paclitaxel)
50000 -
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0 +

2 2 K
Voo, eer, "oy
%e e

@ Springer

chemotherapy. While the liver metastatic mass expanded to 45 mm
in diameter at the beginning of chemotherapy, the mass reduced to
30 mm after chemotherapy administration, and remained this size for
about 5 months

10190.2 U/mL. At the same time, the patient developed
infection of the arteriovenous graft. He had undergone shunt
construction because of shunt obstruction 2 months ago.
He recovered with administration of antibiotics and drain-
age, but he could not receive chemotherapy for 1.5 months.
After that, he received another two cycles of chemotherapy.
However, he developed poor physical health and emacia-
tion, and the liver metastasis increased in size to 60 mm. He
died of the disease 2 weeks after the last administration of
chemotherapy. He survived over 10 months in total from the
beginning of chemotherapy.

9 L7 L/ L7 L7
%91- 2 &Qrgq' 601-6-‘) 4‘91- & ﬁ'9/- 2 4@/- # %9/- Zq

chp. ‘}09 Yo e ‘}de q’c/e q’c,. ‘)’c/e



Clinical Journal of Gastroenterology (2019) 12:484-489

487

Discussion

Recent advances in drug development have yielded effec-
tive chemotherapies, including molecular targeted drugs,
for patients with other cancers, but there are currently only
two chemotherapies (FOLFIRINOX and gemcitabine plus
nab-paclitaxel) for patients with PDAC. Therefore, it is
very important to examine the effectiveness and safety of
a combination chemotherapy regimen of gemcitabine and
nab-paclitaxel for patients with PDAC undergoing HD.

To the best of our knowledge, this is the first case exam-
ining the combination of gemcitabine plus nab-paclitaxel
for a patient with PDAC undergoing HD.

In cancer patients, impairment of kidney function is not
uncommon. However, patients with renal dysfunction are
excluded in many clinical trials. Therefore, there are few
data on the efficacy of almost all chemotherapeutic agents
for patients with renal dysfunction, and no recommenda-
tion for dose and administration.

We administered gemcitabine and nab-paclitaxel to our
PDAC patient undergoing HD, based on past case reports
about the administration of gemcitabine and/or paclitaxel
or nab-paclitaxel for patients undergoing HD.

Gemcitabine is metabolized intracellularly by deoxycy-
tidine kinase to its active products, difluorodeoxycytidine
diphosphate and triphosphate nucleoside, and has a half-
life of 42-94 min, with a time to peak in the plasma of
30 min after infusion [12]. There are few reports on the
administration of gemcitabine in patients undergoing HD
[5, 6, 13]. In previous studies, there were no differences in
pharmacokinetic parameters of gemcitabine, such as the
t12, AUC, and C,,,,,, between patients undergoing HD and
those with normal renal function, indicating that there may
be no need for dose modification for patients undergoing
HD [6, 13]. Gemcitabine is metabolized by cytidine deam-
inase to 2',2'-difluorodeoxyuridine (dFdU) in both plasma
and cells [14], and 80-90% of gemcitabine is excreted as
dFdU in the urine within the first 6 h of administration
[6, 14]. Masumori et al. [13] reported that dFdU showed
a sustained level until HD was initiated, and Kiani et al.
[6] reported that the AUC of dFdU in patients receiving
HD was approximately 10-fold that in a historical control
with normal renal function until undergoing HD. dFdU
has been considered to be the major inactive metabolite
of gemcitabine. However, Veltkamp et al. reported that
its triphosphorylated form, dFdUTP, may contribute to
cytotoxicity by inhibiting cell cycle progression in vitro
[15]. Therefore, the frequency and severity of adverse
events are considered to be higher in patients undergoing
HD than in patients with normal renal function. In a past
case report about a patient with PDAC undergoing HD,
standard dose gemcitabine monotherapy was administered

at first, but because of severe hematological toxicity, he
required early dose reduction to 60%, which was adminis-
tered every 2 weeks [5].

Nab-paclitaxel is metabolized in the liver and excreted
predominantly through the feces (20%), with a small amount
excreted in the urine (4%) [12]. Nab-paclitaxel’s half-life is
approximately 27 h. Although there is no report about the
pharmacokinetics of nab-paclitaxel in patients undergoing
HD, it has been reported that the paclitaxel pharmacokinet-
ics in patients undergoing HD are similar to those in patients
with normal renal function, and paclitaxel has good toler-
ance in several studies [16, 17]. Therefore, Janus et al. [18]
proposed that no dose reduction in paclitaxel is needed for
patients undergoing HD, and we believe that the same is
true of nab-paclitaxel. There is only one report about the
use of nab-paclitaxel in a patient undergoing HD [19]. They
administered nab-paclitaxel 200 mg/body every 3 weeks
with tegafur/gimeracil/otracil to a gastric cancer patient
undergoing HD. The combination chemotherapy was con-
tinued for 1 year with no severe adverse events.

As mentioned above, there is no report of patients under-
going HD receiving combination chemotherapy with gem-
citabine and nab-paclitaxel, but there are a few case reports
of patients with urothelial carcinoma undergoing HD receiv-
ing combination chemotherapy with gemcitabine and pacli-
taxel [20, 21]. Although the dosage and administration inter-
val were different in these reports, they administered these
drugs to patients undergoing HD without dose modification.
Moreover, there was no severe toxicity.

Incidentally, Von Hoff et al. reported that the combination
therapy of gemcitabine and nab-paclitaxel increased apop-
tosis, and combination treatment with nab-paclitaxel pro-
moted intratumoral gemcitabine levels in mice [22]. Frese
et al. showed that nab-paclitaxel decreased protein levels
of cytidine deaminase, which metabolizes gemcitabine, in
mice [14]. This reaction may be one of the main mecha-
nisms of the efficacy of the combination of gemcitabine and
nab-paclitaxel.

Because of not only the accumulation of dFdU and the
synergistic effect of combination of gemcitabine and nab-
paclitaxel, but also the increased risk of infection in patients
undergoing HD [23], it is believed that adverse events occur
easily in PDAC patients receiving HD. Although we started
chemotherapy with gemcitabine and nab-paclitaxel at the
full dose and with no dose delay, as compared with the
MPACT trial [3], severe adverse events occurred in our
patient. He developed pneumonia and grade 3 neutropenia
during the first course, and again in the second course, in
spite of a reduction to 80% dose in both drugs. Hence, we
administered a 60% dose of gemcitabine and nab-paclitaxel
on day 1 every 2 weeks. After that, there were no severe
adverse events for over 7 months. Although previous reports
have found that no dose reduction of gemcitabine and/or
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paclitaxel is needed for patients with various cancers who
are receiving HD, early dose modification may be needed
for PDAC patients.

In terms of the efficacy of combination chemotherapy
with nab-paclitaxel and gemcitabine, the median progres-
sion-free survival (PFS) and OS were 5.5 months and
8.5 months, respectively, in the MPACT trial [3]. Moreo-
ver, in a Japanese patient cohort, the median PFS and OS
were 6.5 months and 13.5 months, respectively [4]. In our
patient, the PFS was about 7 months and the OS was about
10 months, so we believe that combination chemotherapy
with nab-paclitaxel and gemcitabine was effective for this
PDAC patient undergoing HD when compared with previ-
ous reports.

The relative dose intensity of combination therapy in our
patient was approximately 42.5%. In contrast, the median
relative dose intensities in the MPACT trial were 81% for
nab-paclitaxel and 75% for gemcitabine [3, 24]. In spite
of the lower rate in our report, the efficacy of combina-
tion chemotherapy was similar to that of the MPACT trial.
Therefore, dose reduction may be preferable when starting
chemotherapy with gemcitabine and nab-paclitaxel, allow-
ing continuation of treatment without severe adverse events.

In conclusion, combination chemotherapy of gemcitabine
and nab-paclitaxel was effective in our PDAC patient under-
going HD, similar to what has been seen in patients with
normal renal function. While it may be possible to admin-
ister these drugs to patients undergoing HD with no dose
modification for the first administration, early dose modifica-
tion was needed in our patient because of the development of
severe adverse events. However, this patient undergoing HD
was able to continue gemcitabine combination chemother-
apy for a long time with appropriate dose modification. Fur-
ther clinical studies are needed to recommend this method.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Humanrights All procedures followed have been performed in accord-
ance with the ethical standards laid down in the 1964 Declaration of

Helsinki and its later amendments.

Informed Consent Informed consent was obtained from all patients for
being included in the study.

References

1. Sohal DP, Mangu PB, Khorana AA, et al. Metastatic pancreatic
cancer: American Society Of Clinical Oncology Clinical Practice
Guideline. J Clin Oncol. 2016;34:2784-96.

@ Springer

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

Conroy T, Desseigne F, Ychou M, et al. FOLFIRINOX versus
gemcitabine for metastatic pancreatic cancer. N Engl J Med.
2011;364:1817-25.

Von Hoff DD, Ervin T, Arena FP, et al. Increased survival in
pancreatic cancer with nab-paclitaxel plus gemcitabine. N Engl J
Med. 2013;369:1691-703.

Ueno H, Ikeda M, Ueno M, et al. Phase I/II study of nab-pacli-
taxel plus gemcitabine for chemotherapy-naive Japanese patients
with metastatic pancreatic cancer. Cancer Chemother Pharmacol.
2016;77:595-603.

Takakura K, Koido S, Takahara A, et al. Long-term management
of gemcitabine in a patient with advanced pancreatic cancer
undergoing haemodialysis. J] Chemother. 2014;26:369-72.

Kiani A, Kéhne CH, Franz T, et al. Pharmacokinetics of gemcit-
abine in a patient with end-stage renal disease: effective clearance
of its main metabolite by standard hemodialysis treatment. Cancer
Chemother Pharmacol. 2003;51:266-70.

Wong G, Hayen A, Chapman JR, et al. Association of CKD and
cancer risk in older people. J Am Soc Nephrol. 2009;20:1341-50.
Chien CC, Han MM, Chiu YH, et al. Epidemiology of cancer in
end-stage renal disease dialysis patients: a national cohort study
in Taiwan. J Cancer. 2017;8:9-18.

Lin MY, Kuo MC, Hung CC, et al. Association of dialysis with
the risks of cancers. PLoS One. 2015;10:e0122856.

Stengel B. Chronic kidney disease and cancer: a troubling con-
nection. J Nephrol. 2010;23:253-62.

Common Terminology Criteria for Adverse Events v4.0-JCOG.
http://www.jcog.jp/doctor/tool/ctcaev4.html.

Borazanci E, Von Hoff DD. Nab-paclitaxel and gemcitabine for
the treatment of patients with metastatic pancreatic cancer. Expert
Rev Gastroenterol Hepatol. 2014;8:739—47.

Masumori N, Kunishima Y, Hirobe M, et al. Measurement of
plasma concentration of gemcitabine and its metabolite dFdU in
hemodialysis patients with advanced urothelial cancer. Jpn J Clin
Oncol. 2008;38:182-5.

Frese KK, Neesse A, Cook N, et al. Nab-paclitaxel potentiates
gemcitabine activity by reducing cytidine deaminase level in a
mouse model of pancreatic cancer. Cancer Discov. 2012;2:260-9.
Veltkamp SA, Pluim D, van Eijndhoven MA, et al. New insights
into the pharmacology and cytotoxicity of gemcitabine and
2',2'-difluorodeoxyuridine. Mol Cancer Ther. 2008;7:2415-25.
Baur M, Fazeny-Doemer B, Olsen SJ, et al. High dose single-agent
paclitaxel in a hemodialysis patient with advanced ovarian cancer:
a case report with pharmacokinetic analysis and review of the
literature. Int J Gynecol Cancer. 2008;18:564—70.

. Yokoyama Y, Futagami M, Higuchi T, et al. Pharmacokinetic

analysis of paclitaxel and carboplatin in a patient with advanced
ovarian cancer during hemodialysis—case report. Eur J Gynaecol
Oncol. 2006;27:437-9.

Janus N, Thariat J, Boulsnger H, et al. Proposal dosage adjustment
and timing of chemotherapy in hemodialyzed patients. Ann Oncol.
2010;21:1395-403.

Yamamoto T, Miyazaki T, Kurashima Y, et al. A case report of
successful chemotherapy with tegafur/gimeracil/oteracil and nab-
paclitaxel for gastric cancer with chronic renal failure. Gan To
Kagaku Ryoho. 2015;42:735-8.

Ide H, Satou A, Hoshino K, et al. Successful management of
metastatic urothelial carcinoma with gemcitabine and paclitaxel
chemotherapy in a hemodialysis patient. Urol Int. 2011;87:245-7.
Kojima Y, Takahi Y, Ichimaru N, et al. Successful treatment of
metastatic urothelial carcinoma arising in a transplanted renal
allograft with paclitaxel, cisplatin, and gemcitabine combination
therapy: a case report. BMC Res Notes. 2015;8:25. https://doi.
org/10.1186/s13104-015-0982-6.

Von Hoff DD, Ramanathan RK, Borad MJ, et al. Gemcit-
abine plus nab-paclitaxel is an active regimen in patients with


http://www.jcog.jp/doctor/tool/ctcaev4.html
https://doi.org/10.1186/s13104-015-0982-6
https://doi.org/10.1186/s13104-015-0982-6

Clinical Journal of Gastroenterology (2019) 12:484-489

489

23.

24.

advanced pancreatic cancer: a phase I/II trial. J Clin Oncol.
2011;29:4548-54.

Foley RN. Infections in patients with chronic kidney disease.
Infect Dis Clin North Am. 2007;21:659-72.

Scheithauer W, Ramanathan RK, Moore M, et al. Dose modifi-
cation and efficacy of nab-paclitaxel plus gemcitabine vs gem-
citabine for patients with metastatic pancreatic cancer: phase III
MPACT trial. J Gastrointest Oncol. 2016;7:469-78.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Combination chemotherapy with gemcitabine and nab-paclitaxel for a metastatic pancreatic ductal adenocarcinoma patient undergoing hemodialysis
	Abstract
	Introduction
	Case report
	Discussion
	References




