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The changing paradigm for supportive care in cancer patients
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Dear Editor,
With scientific advances in cancer supportive care and the
incorporation of effective supportive care strategies into con-
temporary cancer treatment, there has been a substantial re-
duction in the occurrence of severe toxicities traditionally
associated with cytotoxic chemotherapy over the past two
decades. For example, appropriate prophylaxis with anti-
emetics (including a 5-HT3 antagonist, corticosteroid, and
NK-1 antagonist) has greatly reduced chemotherapy-induced
nausea and vomiting, colony-stimulating factors have curbed
febrile neutropenia, and the integrated use of mouth care and
palifermin has decreased the severity of oral mucositis. In
addition, the introduction of structured management and care
pathways into clinical practice has widely promoted these
supportive care strategies for patients. We may not currently
have all the answers on the prevention of chemotherapy-
induced toxicities, but most oncology clinicians today can
capably handle toxicities which were previously considered
difficult to manage.

Innovations in cancer therapeutics have improved the on-
cologist’s toolkit to cure and control many cancers previously
difficult to manage. Targeted therapy agents are now

commonly used in the management of cancers ranging from
chronic myeloid leukemia to renal cell carcinoma, and new
indications and increased lines of therapy continue to arise.
Initially “targeted” drugs were thought to have unique mech-
anisms for targeting cancer cells and were considered to
produce fewer side effects than traditional cytotoxic chemo-
therapy. Importantly, however, clinicians are now observing a
number of emerging and highly prevalent side effects associ-
ated with the use of targeted therapies [1]. These agents, which
carry with them significant financial cost, are also associated
with an increase in chronic complications that can decrease a
patient’s quality of life [2]. We must, therefore, strive to
understand and be responsive to the side effects of these novel
therapeutics to enable optimal patient adherence to and par-
ticipation in their treatment.

In this commentary, we highlight toxicities that are com-
monly associated with targeted therapies, namely dermatolog-
ical, gastrointestinal (diarrhea and stomatitis), hepatotoxicity,
cardiotoxicity, neurotoxicity, and immunotoxicity. More im-
portantly, we will emphasize the current impediments to un-
derstanding the mechanisms behind emerging side effects and
the lack of effective strategies for managing these toxicities.

Dermatological toxicities

Commonly associated with targeted agents is a range of
dermatological toxicities, which are different from the skin
toxicities seen with traditional cytotoxic chemotherapy. The
first of these class-related skin toxicities is observed with
epidermal growth factor receptor inhibitors (EGFRI), includ-
ing agents used for the treatment of lung (gefitinib, erlotinib,
and afatinib), pancreatic (erlotinib), breast (lapatinib), head
and neck (cetuximab), and colorectal cancers (cetuximab
and panitumumab). They usually manifest as papulopustular
rash (also referred to as acneiform rash), pruritus, xerosis/skin
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fissures, hair and nail changes, andmucositis. It is important to
note that dermatological side effects of EGFRI are known to
correlate with increased drug responses and the improvement
of survival in several settings [3]. Despite the benefits, these
side effects may result in significant physical and emotional
discomfort to patients [4]; therefore, it is critical to maximize
supportive care measures. The Multinational Association of
Supportive Care in Cancer (MASCC), through its Skin
Toxicities Study Group, has reviewed current literature and
proposed important steps to address these dermatological
issues.MASCC has published a guideline for the management
of the skin toxicities associatedwith EGFRI [5]. However, it is
important to note that quality studies that investigate the
management of these dermatological toxicities are still sparse;
hence, research in this area is urgently needed.

Other non-EGFRI-targeted therapy agents are associated
with various dermatological toxicities. Vascular endothelial
growth factor inhibitors such as sorafenib and sunitinib are
commonly associated with hand foot syndrome (HFS), which
is well documented to cause pain and reduce health-related
quality of life [6, 7]. Limited information is available to
predict which patients are at risk of developing HFS, and
effective management strategies are also lacking.
Vemurafenib, which is a BRAF inhibitor, also causes rash,
pruritus, and HFS. All grades of toxicity are observed in 19 %
of the patients receiving vemurafenib, with 2 % experiencing
high-grade toxicities [8]. Similar to the aforementioned
targeted agents, patients experiencing severe dermatological
toxicities from vemurafenib may require dose adjustment.

Gastrointestinal toxicities

Several types of gastrointestinal toxicities such as diarrhea and
stomatitis are commonly associated with targeted therapies.
Diarrhea is self-limiting, with all grades of diarrhea reported
for approximately 50–60 % of patients treated with tyrosine
kinase inhibitors (TKIs) and 30 % of patients treated with
mammalian target of rapamycin (mTOR) inhibitors [9]. It
usually develops as early as 2 weeks into treatment. It has
been suggested that there are three mechanisms of targeted
therapy diarrhea—secretive diarrhea (with most of the
EGFRI), direct ischemic mucosal damage and colitis (with
VEGF inhibitors), and immunotoxicity related diarrhea
(ipilimumab). The severity of diarrhea varies among patients
and ranges from mild symptoms to fecal incontinence.
Patients experiencing mild symptoms can find support in
anti-diarrheal medications such as loperamide and
diphenoxylate. Those experiencing severe symptoms may
require dose interruptions and treatment adjustments.

Similar to diarrhea, stomatitis/mucositis is a major concern
and usually occurs as early as 4–14 days after the initiation of
targeted treatment. Several classes of agents including mTOR
inhibitors (such as temsirolimus and everolimus) and EGFRI

are known to cause stomatitis. In contrast to chemotherapy-
induced stomatitis/mucositis with local inflammation and vis-
ible tissue damage, mucosal damage due to targeted therapies
is less specific and differs according to types of targeted
treatment. For instance, in contrast to ulceration associated
with radiotherapy and chemotherapy, stomatitis observed with
mTOR inhibitors presents with discrete aphthous-like ulcera-
tions [10]. It is likely that impaired wound healing plays a role
in the development of ulceration in patients using mTOR
inhibitors. On the other hand, the proposed mechanism of
EGFRI-induced stomatitis involves follicular occlusion by
keratinocytes, leading to an inflammatory response. These
toxicities may be exacerbated when the EGFRI is used in
combination with radiotherapy and/or chemotherapy [5]. A
clear understanding of the mechanisms that lead to stomatitis
can provide insight into the prevention and therapeutic strat-
egies necessary to improve patient care.

Hepatotoxicity

Hepatotoxicity is another emerging problem commonly ob-
served with TKIs. The clinical presentation of hepatotoxic
reactions caused by traditional cytotoxic chemotherapy occurs
in a wide variety of patterns including ductular injury with
cholestasis, parenchymal cell injury with steatosis, fibrosis or
necrosis, vascular lesions such as hepatitis, peliosis, and veno-
occlusive disease. In contrast, the majority of patients with
targeted agent-induced hepatotoxicity experience
transaminitis (elevation of alanine and aspartate transaminase)
with no significant effect on total bilirubin. This suggests that
TKI hepatotoxicity is primarily hepatocellular and not chole-
static in nature. The precise mechanism of hepatotoxicity
induced by targeted agents remains largely unknown. Some
researchers have attributed it to the generation of reactive
metabolites upon metabolism, which can interfere with cellu-
lar molecules, thereby affecting cell function and cell death.
Immune-mediated mechanisms were also proposed.
Currently, mandatory black box warnings were issued for five
of the twenty-one approved TKIs, including lapatinib, suniti-
nib, pazopanib, regorafenib, and ponatinib. The frequencies of
all grades of TKI hepatic adverse events vary from
11 %, as seen with gefitinib, to more than 50 %, with
pazopanib. In terms of grade 3 and higher hepatic tox-
icity, frequencies range from 1 to 12 % [11]. Clinicians
must routinely monitor the liver function of patients
receiving oral TKI, as there is limited information avail-
able to predict the occurrence of hepatic side effects.
Specific strategies for management are specified in the
product information. Further studies are required to in-
vestigate and further establish the mechanism of TKI-
associated hepatotoxicity, in order to develop effective
strategies to prevent its occurrence.
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Cardiotoxicity

Drug-induced cardiotoxicity is widely considered a potentially
fatal complication within the realm of cancer supportive care.
The most common clinical presentation is dose-dependent
cardiomyopathy leading to congestive heart failure, which
occurs after the administration of cytotoxic chemotherapy
including anthracyclines. Throughout the past few decades,
we have learned how to prevent and manage this
cardiotoxicity. Patients are at risk of various types of
cardiotoxicity in the targeted therapy era, including left ven-
tricular dysfunction, hypertension, and QT prolongation. A
number of targeted agents including trastuzumab, imatinib,
and sunitinib are known to induce cardiomyopathy.
Trastuzumab, which is a humanized monoclonal antibody
designed to target HER2 on the surface of HER2-
overexpressing tumor cells, is associated with a 2 to 28 %
incidence rate of left ventricular dysfunction [12]. Several
patient-related risk factors were identified to increase the risk
of trastuzumab-induced cardiomyopathy, including older age,
history of cardiovascular disease, and prior treatment with
anthracyclines. Although the exact mechanism of
trastuzumab-induced cardiac dysfunction is not well under-
stood, the currently available literature suggests that it may
differ from anthracyclines. For example, trastuzumab-induced
cardiomyopathy has a high tendency for reversal after the
temporary cessation of therapy. Unlike the anthracyclines,
there is no evidence that cumulative doses can predict for
cardiomyopathy with trastuzumab. Guidelines advise that pa-
tients suffering heart failure due to anticancer agents are man-
aged similarly to those with heart failure due to other causes
[13]. However, it is unclear whether cancer patients respond
similarly to non-cancer patients. Research has recently focused
on the role of biomarkers such as troponin and B-type natri-
uretic peptide in the occurrence of cardiomyopathy [14].

Another type of cardiotoxicity that has emerged with
targeted therapy is hypertension. Angiogenesis inhibitors such
as bevacizumab, sunitinib, sorafenib, and pazopanib are
known to induce hypertension [15]. The mechanism involves
the inhibition of VEGF on vasculatures, leading to decreases
in nitric oxide and prostaglandin I2 and subsequently to in-
creased vasoconstriction and blood pressure. The ideal agent
for the management of hypertension caused by angiogenesis is
currently unknown. However, manufacturers of the various
agents recommend routine blood pressure monitoring and
standard anti-hypertensive therapy. Blood pressure should
also be well controlled prior to initiating these agents.
Furthermore, a number of targeted therapies also put some
patients at risk of QT prolongation. Nilotinib, which is a
second-generation TKI used in chronic myelogenous leuke-
mia, can cause QT prolongation and sudden cardiac death.
Hence, patients receiving nilotinib should undergo ECGmon-
itoring at baseline, 7 days after initiation, and periodically

thereafter. We should ensure that patients avoid taking medi-
cations that prolong the QT interval and drugs that are strong
CYP3A4 inhibitors.

Pulmonary toxicity

Interstitial lung disease (ILD), a noninfectious cause of pneu-
monitis, is observed more often with the use of targeted
therapies and more commonly known to be associated with
the use of EGFRI or mTOR inhibitors. With EGFRI, the
incidence is relatively rare with the exception of Japanese
patients [16]. In contrast, the occurrence of mTOR inhibitor-
induced ILD is far more common, especially agents such as
everolimus are increasingly used in the management of ad-
vanced breast cancer and metastatic renal cell carcinoma [17].
Onset of the pulmonary toxicity occurs relatively early, and
most of these patients would present with cough and dyspnea.
Radiographic findings may find patchy diffuse ground-glass
opacities. In patients who develop severe symptoms associat-
ed with ILD, it is recommended to stop therapy, manage
symptoms with corticosteroids, and rule out infectious-
induced pneumonia with pulmonary evaluation.

Neurotoxicity

Although the literature has thoroughly described the mecha-
nisms of chemotherapy-induced peripheral neuropathy (such
as seen with taxanes and vinca alkaloids), the mechanism for
targeted therapy-related peripheral neuropathy is still under
investigation. Proteasome inhibitors such as bortezomib cause
neurotoxicity which is generally reversible. Most patients are
managed by dose reduction or by changing the route of
administration. Interestingly, carfizomib, a newly available
proteasome inhibitor, does not cause neurotoxicity, suggesting
that the associated toxicity is not a class effect. It is important
for us to know the mechanism behind this side effect to
develop effective pharmacological strategies for the treatment
of bortezomib-induced peripheral neuropathy.

Emerging evidence has suggested that targeted therapies
may also lead to cognitive impairment. VEGF has a possible
role in brain cognition, which gives rise to concerns that VEGF
inhibitors may induce neurotoxic effects in cancer patients.
Furthermore, VEGF may affect cognition in various ways via
its roles in angiogenesis, neurogenesis, and neuronal plasticity,
and the use of VEGF inhibitors in cancer treatment may cause
cognitive impairment. To date, clinical data suggest that pa-
tients who received sorafenib or sunitinib experienced a sig-
nificant cognitive impairment in the domains of memory and
learning, executive functioning, and abstract reasoning relative
to a healthy control group. However, conflicting evidence also
suggests that anti-angiogenic therapies may not have any ef-
fects on cognitive function. These conflicting results make it
difficult to ascertain the relationship between treatment-related
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cognitive changes and the use of VEGF inhibitors [18]. This
inability to observe a cognitive impairment may be attributable
to a poor study design, such as the use of tools that were not
optimized or validated, and a small sample size.

Immunotoxicity

Ipilimumab is a monoclonal antibody that targets cytotoxic T-
lymphocyte antigen 4 (CTLA-4) and is known to induce
immunotoxicities, which usually present as dermatitis (pruri-
tus, rash), enterocolitis, endocrinopathies, liver abnormalities,
uveitis, neurotoxicities, and hematopoietic toxicities. The on-
set of immunotoxicities can be quite sudden; severity can
range from mild to life threatening, but they uncommonly
result in significant morbidity or death. The mechanisms of
immunotoxicities appear to be T-cell mediated, which is char-
acterized by T-cell-rich inflammatory infiltrates with some
suggestion of circulating antibodies. Immunotoxicities may
follow an unpredictable course, and if untreated can be severe
and life threatening. The primary treatment for most low-
grade immunotoxicities is supportive care; high-dose steroids
and withholding further ipilimumab are recommended for
higher grade immunotoxicities. Permanent cessation of anti-
CTLA-4 therapy is recommended in severe cases, but the
majority of patients respond to corticosteroid therapy [19].
As such toxicities are insidious in nature, it is important to
develop strategies for understanding how they arise.

How should we move forward?

We have briefly highlighted a number of areas in which
supportive care for cancer patients who have been prescribed
targeted therapies is an emerging challenge. This challenge is
exacerbated by the expected increase in the number and type
of targeted therapies that will enter the oncologist’s arsenal
based on new research and approvals. As the science
concerning the toxicities associated with targeted therapies
remains unconfirmed, we still need to manage our patients.
We must go beyond our comfort zone and research the epide-
miology, pathobiology, and treatment strategies for these new
agents. New algorithms are required, and we must explore the
management of these toxicities using novel approaches, in-
cluding pharmacogenomics and genetic risk prediction in
order to personalize management strategies [20]. On a larger
platform, as a leading organization in cancer supportive care,
MASCC should charge its various study groups to take an
active lead in advancing the research and clinical management
of these emerging toxicities. A multidisciplinary approach is
required to ensure the optimal treatment outcome for our
patients receiving targeted treatment. It is with excitement
and enthusiasm as we explore this new frontier of research
to deliver a more effective cancer care for our patients. It
opens up opportunities for MASCC to explore new directions

and potentially a new structure in response to the tremendous
changes taking place as the science advances.We owe it to our
patients to investigate our potential to be responsive and
effective.
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