Changes in chemotherapy for pancreatic cancer

TSK Mok, TWT Leung

Objective. To review the systemic chemotherapy regimens for pancreatic cancer.

Data sourcesMedlineand nonMedlineliterature search (1966-1999).

Study selection.The following key words were used: pancreatic carcinoma; chemotherapy; antineoplastic
agent; fluorouracil; gemcitabine.

Data extraction. Reports of phase Il studies, randomised controlled studies, and preclinical studies were reviewed.
Data synthesis.Less than 20% of patients are suitable candidates for surgery; for the remainder, palliative
chemotherapy is of only marginal benefit. Combining fluorouracil with folinic acid or interferon has not led

to any significant improvement in tumour response or the patient survival rate. The early encouraging results
with combination chemotherapy have not been confirmed in subsequent controlled studies. New approaches
include immunotherapy and novel cytotoxic drugs. In vitro studies of monoclonal antibodies have shown
promise but have failed to show clinical efficacy. Recently, gemcitabine has been shown to be more effective
than fluorouracil in delivering pain relief and reducing disease-related symptoms.

Conclusions. Systemic chemotherapy is generally ineffective in increasing the survival time of patients
with pancreatic cancer. Future clinical investigations concerning treatment should focus on gemcitabine-based
combination chemotherapy or combined modality treatment with radiotherapy.
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Introduction 20%?%*° As the perioperative mortality rate of pancreato-
duodenectomy (Whipple's operation) is low—cur-
Pancreatic cancer is a malignant cancer with assoantly less than 5% at the experienced cehtrethe
ated pain and suffering and has a rapidly fatal coursmajority of patients actually die from local recurrence
The incidence of pancreatic cancer in the Chinese metastatic disease after surgical resectieatients
population is relatively low (3.7/1@D0) compared with unresectable or metastatic pancreatic cancer are
with western populations (9/1000), but the mortal- frequently symptomatic and require palliative inter-
ity rates are equally highLess than 20% of patients vention. Obstructive jaundice can be relieved with a
survive for 1 year and only 3% survive for 5 yearsurgical bypass or by endoscopic stent placeient
after diagnosis.Almost 90% of patients experienceand pain can usually be managed with analgesics.
pain, jaundice, or both, during the course of theExternal beam radiation may also palliate symptoms
illness? Other common symptoms include anorexighut has little impact on survival.
vomiting, and weight loss. Most patients are symp-
tomatic at the time of diagnosis. Systemic chemotherapy is commonly used in the
treatment of advanced pancreatic cancer but the
Unfortunately, the results of surgical interventiomesponse rate and survival outcome are p@ame
are generally disappointing. Less than 20% of patiengsoblem is the fact that the assessment of the response
have resectable tumodrand even after apparentlyby measuring the tumour size may not be accurate,
curative resections, the 5-year survival rate is onlyspecially as pancreatic lesions are usually not palp-
able. In addition, measurement of tumour size by
computed tomography (CT) is not always accurate
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reduction in tumour size on the CT scan. Becauséect of leucovorin on FU has been demonstrated in
any measurement of tumour size is unlikely to bétro and proven clinically in the treatment of colon
accurate, other objective end-points to evaluate thanceit* Clinical studies using combinations of FU
response to chemotherapy in the treatment of pan-the treatment of pancreatic cancer are shown in
creatic cancer are needed. The aim of this paperTiable 1!52°Both Crown et al and DeCaprio et°af

to summarise the results of standard systemic chenmused high-dose leucovorin (500 mgynirhe sched-
therapy regimens from the past, and to explore nasles of administration were slightly different and the
information regarding novel cytotoxic agents andesults were similarly poor. The most prominent

evaluation end-points. toxicity problem was mucositis, which resulted in
hospitalisation in more than 20% of treated patients.

The past The investigators concluded that modulation with
leucovorin resulted in no meaningful improvement

Single-agent fluorouracil in the efficacy of FU in the treatment of pancreatic

The most widely studied cytotoxic agent in theancer.
treatment of pancreatic cancer is fluorouracil (FU)
[5-fluorouracil]. Carter et &l reviewed 15 studies = Meanwhile, the synergism of FU and interferon
(involving a total of 212 cases) that looked at the clingamma or interferon alfa-2a is still under investiga-
cal efficacy of FU. The response rates varied from 0%®n. Interferon may inhibit thymidylate synthase
to 67%, with a mean figure of 28%. However, mangroduction when exposed to Flbut the clinical
investigators consider this to be a high figure, becaussefulness of the enhanced cytotoxic effect remains
in most of the prospective randomised comparativdebatablé? In the phase Il studies of FU plus inter-
studies, the response rates in the single-agent FU deron alfa-2a, the response rates ranged from 4% to
have been consistently below 20%®ifferences in 14%. Severe neutropenia was reported in 25% of
patient selection, dosage, duration of infusion, anghtient$®'® and the median survival rates were not
means of measuring the tumour size could explain thetter than those reported in single agent FU studies.
discrepancy. A recent report on the circadian infusidbippold et &° combined both leucovorin and or inter-
of FU over 14 days noted that stable disease occurifedon alfa-2a with FU in a phase Il study of 57 pa-
in 50% of patients but without any overall improvetients. In addition to a response rate of 14%, they
ment in outcomé? Despite these poor results, singlereported that 22 of the 36 patients became free of
agent FU has been the standard treatment for pancreatioour-related pain. However, no prospective com-
cancer and, until the introduction of gemcitibine, nparative study with the conventional single agent FU
other single agents or combinations had been shoigravailable. The conclusion is that biochemical modu-
to be superior. lation of FU does not improve the clinical outcome
of patients with pancreatic cancer.
Modulation of the activity of fluorouracil
Leucovorin (calcium folinate), interferon, or a com¥luorouracil plus radiotherapy
bination of the two, seem to enhance the cytotoxithe combination of FU and radiotherapy may be
effect of FU. Leucovorin is a reduced folate cofactanseful as adjuvant or palliative treatment for patients
in pyrimidine synthesis. The drug may prolong theith pancreatic cancer. The Gastrointestinal Tumour
inhibition of thymidylate synthase by increasing th&tudy Group (GITSG) conducted a randomised study
concentration of a FU metabolite—namely, 5-fluorodén which 75 patients received adjuvant FU plus radio-
oxyuridine monophosphate (F-dUMP). The modulatintherapy or no adjuvant treatment, after undergoing

Table 1. Summary of results of studies that used fluorouracil in the treatment of pancreatic cancer

Study Regimen Patients Response rate Median survival
(No.) (%)* time (months)

Crown et afs 1982 FU + Lv# 20 0 4

DeCaprio et al¢ 1991 FU + LV 42 7 6.2

Weinerman et al} 1994 FU + LV 30 13 4

Pazdur et af 1992 FU + INF& 46 4 45

Scheithauer et 41,1992 FU + INFa 32 12.5 55

Dippold et aP° 1997 FU + LV + INFa 57 14 10

* Probability ratio + confidence ratio
FU  fluorouracil
LV leucovorin
INFa interferon alfa-2a
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curative surgers$? Patients were treated with 40 Gy ofradiotherapy was combined with a more aggressive
radiation with anterior and posterior parallel-opposecombination chemotherapy regimen (FU, strepto-
fields. A daily bolus of FU was given for 3 dayszotocin, cisplatin, and leucovorin), the response rate
during a split course of radiotherapy and then weeklyas 42.8% and median survival time was 31 mofiths.
for 2 years. The median survival time for the treatlence, the additional benefit of adding radiotherapy
ment and control groups was 21 months and 11 montbs,chemotherapy to FU remains to be established.
respectively. These encouraging results, howevdptential benefit has been shown but a firm conclusion
have not yet been confirmed by other studies. Adjuvacannot be drawn from the current information.
FU plus radiotherapy should be offered to selected
postoperative patients who have a good performan€@mbination chemotherapy using fluorouracil
status. The two most widely used combination chemotherapy
regimens for advanced pancreatic cancer are FU,

Radiotherapy alone does not improve the survivdloxorubicin, and mitomycin (FAM) and SMF.
time of patients with locally unresectable disedse Results from using these two regimens are shown in
but selected patients may benefit from the combifable 22°2 The initial findings were encouraging,
ation of FU and radiotherapy. The GITSG conductedith response rates of up to 48% being obtaffi&d.
a three-arm study that compared radiotherapy (60 Gyhfortunately, subsequent comparative studies were
alone, radiotherapy (40 Gy) plus FU, and increaseduch less encouraging. The GITSG compared the
radiotherapy (60 Gy) plus F&.The figures for FAM regimen to two different schedules of SMF
median survival were 23 weeks, 36 weeks, and 4&d found the response rates to be similar (14%
weeks, respectively. This study established that thrersus 14% and 15%9.The median survival time
combined modality should be used as the standardried from 11.3 weeks to 17.7 weeks. In addition,
treatment. Some investigators have, however, suggest@ster et & randomised 196 patients to receive either
that this survival benefit could have been obtaine@AM or SMF; the response rates were 14% and 4%,
from FU alone&? This led to the Eastern Cooperativaespectively, and no significant difference in either
Oncology Group (ECOG) study, which comparedesponse rate or median survival time was found. It
FU with radiotherapy plus FU. The results confirmeavas noted that the outcome of these regimens was much
this suggestion—the median survival times foundorse than those of the early phase Il studies, with
were 8.2 months and 8.3 months, respectikfely. patient selection bias and different evaluation criteria

being the main reasons for the discrepancy.

Another study compared FU-based combination
chemotherapy (streptozotocin, mitomycin, and FU The ‘Mallinson regimen’ (FU, cyclophosphamide,
[SMF]) with a combined radiotherapy plus SMFmethotrexate, and vincristine, followed by FU plus
chemotherapy’ The median survival time of the mitomycin) aroused enthusiasm with its initial resgflts.
combined modality group was 42 weeks, compardd this randomised study, 21 patients in the treatment
with 32 weeks for the chemotherapy group. Whegroup were compared with 19 patients in a control

Table 2. Summary of results of studies that used fluorouracil-based combination chemotherapy in the treatment of pacereatic can

Study Combination Patients Response Median survival
chemotherapy regimen (No.) rate (%) time (months)

Smith et af°1980 FAM* 39 37 12
Bukowski et aF°1982 SMH 25 48 6.8
Wiggans et ai11978 SMF 23 43 6
Bukowski et aF>1983 SMF 56 34 45

MF* 60 8 4.3
Smith et af®1982 FAM 23 13 6.4
Gastrointestinal Tumour Study Gro#1,986 FAM 29 14 3

SMF | 28 14 4.5

SMF I 27 15 35
Oster et af*1986 FAM 920 14 6.5

SMF 94 4 4.6

* FAM fluorouracil, doxorubicin, and mitomycin
SMF mitomycin, streptozotocin, and fluorouracil
MF  fluorouracil and mitomycin
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group (ie receiving no chemotherapy). The mediahhe present
survival in the treatment group was significantly
better (44 weeks versus 6 weeks). This study hdmmunotherapy
however, been criticised for its lack of histologicalAs noted previously, interferam-2a has been shown
confirmation in one third of patients and the extremely be an ineffective modulator of FU. A new and
poor outcome obtained by the control group. Thexciting concept has been to use monoclonal anti-
same protocol has been tested in a phase Il studytndies (MoAbs) in the treatment of pancreatic cancer.
Cullinan et aP” Patients were randomised to receivoAb 494/32 has been shown to be able to bind to
FU; the Mallinson regimen; or FU, doxorubicin, and®0% of human pancreatic carcinoma ce&lBecause
cisplatin (FAP). The response rate was 7% for the FHd vitro studies confirmed its ability to suppress
group, 21% for those given the Mallinson regimertumour cell growtt?? Buchler et & conducted a
and 15% for the FAP cohort. The median survivaphase Il study using this antibody to treat 87 patients
which was the primary end-point for all study patientsyith advanced pancreatic cancer. The results showed
was 3.5 months, 4.5 months, and 4.5 months, respdbiat one (1.1%) patient had a partial response and
ively. Once again, the larger randomised trial did n@9 (44.8%) of the patients had stable disease that
support the initial phase 1l study results. lasted for 3 months. Unfortunately, a subsequent study
conducted by the same group was less encour&ing.
Many other FU-based combination chemoSixty-one patients with resectable pancreatic cancer
therapies have been studied. These include FU plere randomised postoperatively to receive either 10
carmustine (1,3-bis-[2-chloroethyl]-1-nitrosourealays of intravenous infusion of MoAb 494/32 or no
[BCNU]),%® FU plus lomustine (1-[2-chloroethyl-3- further treatment. The median survivals of the treat-
cyclohexyl]-1-nitrosourea [CCNUJ® FU plus ment group and control group were not found to be
cisplatin® FU plus melphalaf and FU plus meth- statistically different. The authors of the study con-
otrexate’? The response rates achieved range frooluded that MoAb 494/32 was not helpful in treating
20% to 33%, but the median survivals have been pguaitients with resectable pancreatic caftéther
and there is no convincing evidence that any dérms of immunotherapy, such as interleukin 12 or
these combinations is better than FU alone. In additterferon gamma, are being investigated in clinical
tion, the toxicities of combination chemotherapyrials but no significant benefit has been observed to
were more severe than those associated with singlate®
agent therapy.
New drugs
Other anticancer drugs Numerous new cytotoxic drugs that have innovative
Other single agents that have shown activity in pamechanisms of action have shown promising activity.
creatic cancer include anthracycline, nitrosourea, afithese drugs include gemcitabine (an antimetabolite),
ifosphamide. Doxorubicin and epirubicin have alstaxane (an inhibitor of microtubule polymerisation),
been used in single-agent therapy and give respomsarimastat (a metalloproteinase inhibitor), and
rates that range from 13% to 37%While the initial irinotecan (a topoisomerase-I inhibitor). Information
study of ifosphamide was encouragihgubsequent on the latter two is only experimental or from
studies have shown that it has only limited actiffty. early phase I/l clinical dat&>® Hence, this review
The response rate to nitrosoureas is only*®%will focus on the mature clinical data that is avail-
because of their limited activity, these drugs are onbble for the taxanes (paclitaxel or docetaxel) and
used in combination with FU, although no significangemcitabine.
synergism has been observed.
The taxanes inhibit cell replication by disrupting
Hormonal therapy, including the use of tamoxifemicrotubule assembly. The process involves destabil-
(an anti-oestrogen) and compounds that act as angiation of the microtubule polymer and interference
androgens, have also been extensively studied; thith the assembly competency of tubulin—the pro-
results have been generally disappointing. A UK studgin involved in the process. Extensive clinical studies
randomised 108 patients with advanced pancreatiave confirmed their cytotoxicity in ovarian, breast,
cancer to receive either tamoxifen, cyproterone acetatead and neck, and lung cancers. However, the results
or no treatment No survival benefit was observed inof taxane trials in the treatment of pancreatic cancer
the two treatment groups. A double blind study thditave been disappointing. In a phase Il study, paclitaxel
compared tamoxifen with placebo also did not showas given to 35 patients with granulocyte colony-
any survival benefit in the tamoxifen grotfp. stimulating factof® Only one objective patient
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response (2.9%) was observed. An early phase |l stualyd fibrosis. Ultrasonography or CT may fail to accu-
using docetaxel in 28 patients has reported a respomately measure a tumour if the tumour margins are not
rate of 179° Two other phase Il trials from Japanclearly defined. Furthermore, regression of malignant
and Greece have yielded low response rates of Q$fowth is not always demonstrated by a reduction in
and 6%, respectivefy#2 Unfortunately, the results of the tumour size if inflammation and fibrosis are promi-
these studies have not been encouraging. A furtheent components of the tumour mass.
study using a combination of paclitaxel and cisplatin
is ongoing® Because of the difficulty of assessing clinical
benefit, clinical investigators have tried to develop an
Gemcitabine is a new antimetabolite that has @bjective measurement symptom improvement as a
biochemical structure similar to cytarabine. Thisiew end-point for clinical trial®.In recent clinical
pyrimidine analogue can be phosphorylated by deoxirials of gemcitabine in pancreatic cancer, ‘clinical
cytidine kinase and incorporated into DNA. Whetenefit' has become the new primary end-point and
this occurs, DNA synthesis is inhibited. By a uniqueumour response has become a secondary end-point.
process called ‘masked-chain termination’, gemAccording to this concept, a positive response implies
citabine is protected from excision by the normad decrease in pain intensity, a reduction of analgesic
DNA repair mechanism®&.The preclinical studies consumption, or an increase in the Karnosky perform-
investigating the cytotoxicity of gemcitabine haveance status (KPS) ScofeAll patients enrolled in
been encouragin§.The phase I/ll clinical trials have these trials underwent a 2 -to 7-day ‘pain-stabilisation
confirmed its effectiveness as a single agent in theeriod’ before undergoing chemotherapy. Each pa-
treatment of several malignancies, which include noriient’s pain intensity was assessed by using a ‘memor-
small-cell lungs® breasg’ and ovarian cancérDos- ial pain assessment carélivhich is a visual analogue
ages of 800 to 1250 mgfrhave been given weekly scale that measures pain intensity. An improvement in
for 3 weeks in a 28-day cycle; the observed toxicitiggain intensity is defined as 50% or greater of a reduc-
have been mild. Grade 3 or 4 myelosuppressidion in pain from the baseline level, that lasts for at
(according to the World Health Organization classifilkeast 4 consecutive weeks. A similar definition is
cation system) occurs in fewer than 10% of patientalso applied to the reduction of analgesic consump-
Nausea and vomiting are uncommon and while abotibn. Two independent observers assess the patients to
50% of patients had mild proteinuria, none developeatktermine the KPS score. An increase of 20 points or
significant renal dysfunctioff:6é more in the KPS score indicates a positive response in
performance status. The patient is considered to have
Casper et &lconducted the first multicentre phasea positive response in terms of ‘clinical benefit’ if at
Il study of gemcitabine versus placebo in 44 patientsast one of the three evaluations is positive and none
with advanced pancreatic cancer. Although only fivis negative. If all three parameters are stable, weight
(11.4 %) patients had radiological evidence of gain is considered the determining factor for a
partial response, the median survival time for thigositive response.
group was 13.0 months. In comparison, the median
survival of all treated patients was only 5.6 month&emcitabine improves the treatment of pancreatic
Despite the fact that only a few had a partial responsm&ncer patients
researchers have noted that these patients and thGaemichael et & documented pain score, analgesic
with stable disease had a significant improvement oéquirement, and performance status in a phase Il study
disease-related symptoms, and that most patiemtsgemcitabine in 34 patients with pancreatic cancer.
were able to return to performing normal activitiesin this study, only two patients had a partial response
This aspect of clinical improvement in the treatmen6%-9%) and the median survival time of all patients
of pancreatic cancer had never been prospectivelas 6.3 months. However, 28.6% of patients reported
studied before. improvements in pain score and 17.2% had a better per-
formance status after treatment. The symptom improve-
Development of a new primary end-point for drug mentwas significant, but the tumour response and survival
evaluation purposes time were still primary end-points of the study.
The evaluation of the tumour response in pancreatic
cancer has not been easy. The traditional end-point of In another phase Il study, ‘clinical benefit’ was the
assessing tumour size reduction is not always acquimary endpoint used to assess 74 patients with
rate. In addition, pancreatic cancer frequently infiltrateSU-refractory pancreatic cancéGeventeen (27%) of
the surrounding structures and causes inflammatitime 63 evaluable patients attained a positive response
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Fig. Survival curves of patients treated with gemcitabine or fluorouracil in a multicentre randomiséd study

in ‘clinical benefit’, which lasted for an average ofConclusion

14 weeks. The median survival time for all patients

was 3.9 months. The findings suggest that FU ai8Ystemic chemotherapy is generally ineffective in

gemcitabine are not cross-resistant—that is, patientgreasing the survival time of patients with pancreatic

who fail treatment with FU can benefit from receivingancer. Combined modality treatment with radio-

gemcitabine. Because this group of patients had iteerapy and FU can have a small impact on the survival

ceived previous chemotherapy and because the mediuselected patients with locally unresectable disease.

interval between the cessation of prior treatment witWhen assessing patient response to treatment, palli-

FU and the initiation of gemcitabine was 1 month, thation of symptoms should be objectively evaluated. A

modest survival duration was expected. new end-point, termed ‘clinical benefit’, has been shown

to be a relevant measurement of impact of therapy on

The effectiveness of gemcitabine in the treatmedisease-related symptoms. Recent studies have con-

of pancreatic cancer has been confirmed by a multirmed that gemcitabine is more effective than FU in

centre phase Il study that compared gemcitabine withducing symptoms in pancreatic cancer patients and

FU.”* One hundred and twenty-six patients wereonfers a small, but statistically significant, survival

randomised to receive either gemcitabine 1000 rhg/imenefit. Future clinical investigations concerning the

weekly for 3 weeks every 28 days or FU 600 nfg/ntreatment of pancreatic cancer patients should focus

once weekly. The ‘clinical benefit’ response was then gemcitabine-based combination chemotherapy or

primary end-point used in this study. Tumour responsembined modality treatment with radiotherapy.

and median survival time were secondary measure-

ments of efficacy. The ‘clinical benefit’ responseAcknowledgement
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