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Abstract

Cholangiocarcinoma (CCa) is relatively resistant to chemotherapy as well as radiation therapy, and complete resection
is the main curative therapy for these patients. The prognosis for patients with unresectable intrahepatic CCa (iCCa) is
extremely poor. A 55-year-old woman presented at our hospital with abdominal pain. After evaluation, she was diagnosed
to have multifocal iCCa. She did not opt for standard chemotherapy and therefore received oral metronomic therapy with
a combination of celecoxib, etoposide, and cyclophosphamide for a total of 30 months. Presently, she is 57 months post
diagnosis and 27 months post cessation of all treatment and continues to be in complete radiological remission. In the
present report, we review the literature and discuss whether metronomic scheduling of biologic agents and anticancer
drugs will be able to overcome chemoresistance and improve the outcome in cholangiocarcinoma. References for the
review were identified through searches of Pubmed for the last 10 years as well as searches of the files of the authors
themselves. The final list was generated on the basis of originality and relevance to this review.
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Introduction angiogenesis, invasion, and metastasis of the tumor, and

may play a role in the pathogenesis and classification of

Cholangiocarcinoma (CCa) is a tumor that originates
from the neoplastic transformation of the epithelial cells
of the intrahepatic or extrahepatic bile ducts. This type of
cancer is difficult to diagnose, extremely aggressive, and
has very poor prognosis.!'l It is also relatively resistant to
chemotherapy and radiotherapy, and the most effective
therapy is complete surgical resection.!') However, in most
patients, diagnosis 1s very late; complete surgical resection
is not possible and palliation is the main stay of treatment.

Recent data shows that the tumor microenvironment
is a very important factor in the regulation of
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CCa.!" Thus metronomic therapies, which are known
to be directed toward the tumor microenvironment!?!
may play an important role in improving the outcome
of patients with CCa.

Here, we report a case of multifocal intrahepatic CCa
(iCCa) who achieved complete long-lasting remission
on treatment with metronomic combination therapy
of oral celecoxib, etoposide, and cyclophosphamide.
Appropriate literature justifying a combination of
biological treatment with chemotherapeutic agents to
improve the outcome of patients with CCa has been
reviewed. References for the review were identified
through searches of Pubmed with the search terms
‘cholangiocarcinoma’, ‘therapy’, ‘metronomic’, and
‘COX II’ alone or in combination, for the last 10 years.
Articles were also identified through searches of the
files of the authors themselves. Only papers published
in English were included. The final list was generated
on the basis of originality and relevance to this review.
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Case Report

A 55-year-old female presented at the BKL Walawalkar
Hospital, the rural outreach center of Tata Memorial
Hospital, on 21 July 2008 with a history of significant
pain in the right hyprochondriac region of a duration
of four to five days. There was no history of fever
or vomiting. The hemogram and liver and kidney
function tests were within normal limits. A computed
tomography (CT) scan of the abdomen showed
35 x 35 mm well-defined, rounded hypodense
lesion showing heterogeneous enhancement in the
segment VIII of the right lobe of the liver. Another
subcentimeter-sized peripherally enhancing lesion was
seen in the segment IV of the right lobe of the liver
just next to the falciparum ligament [Figure la and b].
A CT-guided biopsy of the liver lesion confirmed the
diagnosis of CCa. Thus, the patient was diagnosed to
have multifocal iCCa. She did not have the known
predisposing factors for developing iCCa, such as
cirrhosis or infective viral hepatitis. Considering
her socioeconomic status, the diagnosis, prognosis,
and treatment with standard injectable gemcitabine
plus cisplatin chemotherapy versus oral palliative
chemotherapy was discussed with the patient and
her relatives, and the patient opted for oral palliative
chemotherapy.

She was started on oral chemotherapy with celecoxib
200 mg twice daily (BD) everyday along with etoposide
50 mg once daily (OD), and cyclophosphamide
50 mg OD for 21 days every 28 days. She received
six such cycles, and an ultrasound of the abdomen
done in April 2009 revealed that there was a partial
response in the bigger lesion which had decreased to
25 x 19 mm with a few calcified foci in that lesion.
The smaller lesion in the left lobe had completely
resolved. Because of financial reasons, oral etoposide was
stopped and she was continued on just oral celecoxib
and cyclophosphamide for another two years (with
occasional periods of either drug being omitted because
of financial reasons). A repeat ultrasound done nearly
one year from diagnosis in December 2009 showed
no evidence of the lesions with only a few calcific foci.
The patient has been off treatment and on regular
follow-up since April 2011 and the latest CT scan done
on 19 January 2013 showed that the patient continues
to be in complete remission [Figure 2a and b].

Overall, the oral metronomic chemotherapy was well
tolerated except for one episode of grade II stomatitis
and one episode of herpes zoster (T9 dermatome),
both while on celecoxib/etoposide/cyclophosphamide
combination. There was no hematological or
biochemical toxicity noted.
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Figure 1: (a) Computed tomography scan dated 12 July 2008 shows
two lesions of multicentric intrahepatic cholangiocarcinaoma.
(b) Computed tomography scan dated 12 July 2008 shows two lesions
of multicentric intrahepatic cholangiocarcinaoma

Figure 2: (a) Same cuts as in Figures 1a and b of computed
tomography scan dated 19 January 2013 showing continuous
complete remission. (b) Same cuts as in Figures 1a and b of computed
tomography scan dated 19 January 2013 showing continuous
complete remission

Discussion

CCa originates from the neoplastic transformation of
cholangiocytes into intrahetpatic, perihilar, or distal
extrahepatic tumors.*) Treatment options for iCCa
are limited with high rates of tumor recurrence and
short survival times.*! Where surgical resection can be
offered, the median survival time is 36 months with a
recurrence rate of 62.2% after a median of 26 months
of follow-up evaluation.l®) Multifocal tumors have
high rates of recurrence (>90%) and usually preclude
curative resection.®]

Systemic chemotherapy is the treatment of choice
for inoperable (advanced and metastatic) CCa. The
Advanced Biliary Cancer study (ABC-02) showed that
as compared to single-agent gemcitabine, systemic
chemotherapy with a combination of gemcitabine and
cisplatin prolonged survival times of patients with
inoperable CCa [response rate (RR) 15 vs. 26%;
overall survival (OS) 8.1 vs. 11.7 months)] making
it a treatment standard.[®! Though this treatment was
proposed to our patient, because of socioeconomic
and logistic reasons, she did not accept this treatment.
A recent meta-analysis also supports adjuvant
treatment for patients with lymph node—positive
disease.l”l According to phase II and III trials, regimens
combining 5-fluorouracil (5-FU) or gemcitabine with
a platinum salt have provided an overall RR of 12 to
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50% and a median OS of 5 to 16 months.®! Similar
results are also available for gemcitabine plus oxaliplatin—
containing regimen (OS of 10 months for solitary
tumors, and 7 months for multifocal tumors).!®!

Though chemoradiation with gemcitabine is safe
and can be applied in patients with R1 resection
(with microscopic margin involvement) resection
or unresectable CCa, the reported outcome maybe
similar to patients with unresected tumor receiving
combination chemotherapy with gemcitabine plus
platinum.!’®l Other potential therapeutic options
for inoperable iCCa without extrahepatic metastasis
include transarterial chemoembolization (TACE),
radiofrequency ablation (RFA), and transarterial
radioembolization (TARE). Patients who receive TACE
or TARE have median survival times of 20.0 and
43.7 months, respectively, after diagnosis.l'!2! For
patients amenable to local therapy, this approach might
be a palliative treatment option — especially for patients
whose performance status (a major prognostic factor)
precludes more aggressive approaches.[*! However,
these options were again not available to our patient
because of both socioeconomic reasons as well as their
nonavailability locally. In some patients with advanced
tumors, procedures like stenting and photodynamic
therapy as well as new ablative techniques have also
been used as palliative therapies. Although liver
transplant might seem to be a good option for patients
with iCCa, the median time of disease-free survival
is only eight months and the five-year rate of tumor
recurrence post transplantation is higher than 70%,
which is unacceptably high.!**

Various biological agents have been used as
monotherapies for patients with CCa with varying
results — sorafenib, erlotinib, lapatinib, sirolimus,
and imatinib have disappointingly led to OS of 4.4,
7.5, 5.2, 7, and 4.9 months, respectively. Indeed, the
outcomes were consistently inferior to those of standard
combination chemotherapy with gemcitabine plus
cisplatin. Of note, RRs were better when biological
agents were used in combination — bevacizumab and
erlotinib (RR: 12%; disease control rate (DCR): 69%;
OS: 9.9 months) and even better when a biological
agent was combined with chemotherapy. For instance,
interferon alpha (IFNa) plus 5-FU or bevacizumab plus
gemcitabine and oxaliplatin, respectively, yielded RR of
34 and 40% (DCR 69%), and OS of 12 months and
12.7 months."* The preliminary results of an ongoing
study with gemcitabine and oxaliplatin with cetuximab
showed a high RR of 63% and OS of 12.7 months.!'*!
A new drug, MEK 1/2 inhibitor, selumetinib showed
an RR of 12% and DCR of 80%.!"*! A study by Paule
et al., in particular indicates that cetuximab may revert
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chemoresistance, as responses were seen when adding
cetuximab to a chemotherapy regime (gemcitabine and
oxaliplatin) on which the disease had progressed.!”!

It has been postulated that the tumor microenvironment
plays a role in the growth, progression, and
metastatic invasion in CCa.!"'®!%I The interaction
between stromal and CCa cells via signaling mediators
results in an environment that supports the growth
of the tumor and suppresses innate immunity, thus
conferring resistance to cytotoxic insults (endogenous
and chemotherapeutic).[’202!1 Targeting the tumor
microenvironment along with the CCa cells directly
may lead to more effective therapeutic strategies to treat
this challenging cancer. Chronic inflammation and CCa
seem to be intimately related.??l CCa cells are known
to overproduce many inflammatory cytokines leading
to an increase in the number of tumor-associated
macrophages (TAMs). These TAMs in turn cause
infiltration of FOX P3 plus regulatory cells within the
tumor. Also, TAMs may play a role in the progression
of CCa, and regulatory T cells (T-regs) are known
to contribute to the resistance to chemotherapy as
well as radiotherapy. When our patient opted for
palliative treatment only, a combination targeting the
microenvironment including angiogenesis, inflammation,
and tumor cells was considered in line with the intrinsic
multitarget nature of metronomic chemotherapy./?*2*
Keeping the palliative nature of treatment, only oral
and low-cost drugs were considered which required
minimum follow-up investigations. Thus, a combination
of oral celecoxib, cyclophosphamide, and etoposide was
given to our patient.

As we are aware, CCa is markedly resistant to
chemotherapy, but the mechanism of drug resistance
is not fully known. The expression of cyclooxygenase
2 (COX-2) is increased in human cancers including
CCa.® Overexpression of COX-2 was shown to enhance
growth of human CCa cells.?®! Data indicates that
celecoxib, a COX-2 inhibitor preferentially induces
apoptosis in CCa cells through COX-dependent
mechanism and PGE-2 pathway*! through a mechanism
involving AKT inactivation, Bax translocation, and
cytochrome-C release.?”281 In a study reported
by Watkins et al., when celecoxib was added to a
chemotherapy regimen of gemcitabine and irinotecan,
a 40% RR was noted and an OS of 17 months
was achieved.!?”! Celecoxib was noted to induce a
dose-dependent inhibition of cell growth, cell cycle arrest
at the G1-S checkpoint, and induction of cyclin-dependent
kinase inhibitors P21 (wat 1/cipl) and P 27 (Kip 1).1%
The expression of P 27 (Kip 1) was shown to enhance
the apoptosis and growth inhibition of CCa cell
lines (QBC-939) inducted by cyclophosphamide. 3]
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Thus, addition of celecoxib may remarkably increase the
drug sensitivity of CCa cells to chemotherapy drugs
like cyclophosphamide!*”! and etoposide.*!! Our patient
may have achieved long-term remission through this
mechanism. The anticancer agent etoposide was added,
keeping in mind the fact that oral etoposide has already
been used in palliative regimens in various adult and
pediatric solid tumors.*!) Etoposide is also antiangiogenic
and is synergestic when given with celecoxib.*!l Also, as
many CCa patients may have abnormal liver function
tests (LFT5), etoposide would be a relatively safer drug to
be given in such settings. Cyclophosphamide additionally
depletes T-regs and is also antiangiogenic.

In summary, the nonsurgical treatment of CCa is
rapidly evolving and a multidisciplinary approach is
the cornerstone of planning optimal treatment. The
combination of cisplatin and gemcitabine is considered
as the standard of care for inoperable CCa. However,
there is plenty of room for improvement. Though
biological targeted treatment has minor effects when
given as monotherapy, it is more effective when given
in combination with chemotherapy. We need more
knowledge about the specific effects of biological
treatment and the optimal combination of biological
and cytotoxic agents.['*! The current literature in this
field, including this report, is characterized by mostly
small studies and case reports, which are hypothesis
generating at the best, but misleading at the worst. We
plan to explore such therapies in patients at the Tata
Memorial Hospital. However, considering the rarity
of this disease, well-designed randomized international
trials as well as marker-driven therapies seem mandatory
for progress in treatment within a reasonable time
in CCa. The present framework of developing more
effective therapies is to first find the most efficient
cytotoxic agent, second, the most efficient combination
of cytotoxic agents, and third, to boost the effect by
adding a biological compound.'* This is exactly what
we did in our patient effectively and it highlights the
potential of metronomics, the science of combining
metronomic chemotherapies and drug repositioning.?*!
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