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Abstract
Purpose of Review Cancer is on the rise. Standing on verge of exciting discoveries, research is being translated into therapies that
are being widely administered to patients. Providing a hope for cure, where none existed before. This new body of knowledge has
come from a better understanding of cancer genetics, molecular and sub molecular behavior, and understanding of cancer-
generated cellular environments. These have led to development of immunotherapy and its many sub-genres, improvement
and introduction of new radiation technologies, and decreasing toxicities of existing chemotherapies.
Recent Findings The purpose of this review is to have a summary look at this huge landscape of cancer therapy. Specially looking
at toxicities that an anesthesiologist should be familiar with while providing perioperative care for these patients, complications
like tumor lysis syndrome, cytokine release syndromes, Kounis syndrome, myocarditis, encephalopathies, and pituitary failure
need to be kept in mind.
Summary One should be knowledgeable about these therapies and approach these patients with a high index of suspicion.
Anesthesiologists will need to refine preoperative assessment with appropriate testing and intraoperative and postoperative
management in collaboration with oncologists, while involving the expertise of internists, cardiologist, and endocrinologists in
helping assess and manage these patients in the perioperative period.

Keywords Anesthesia assessment in cancer patients . Perioperative implications of cancer therapy . New cancer therapies, side
effects, andmanagement in perioperative period . Immunotherapy, mechanism of actions, and side effects . Side effects

Introduction

In 2012, there were an estimated 14.1 million cases of
cancer diagnosed around the world and 8.2 million cancer
deaths. By 2030, the global burden is expected to reach
21.6 million new cancer cases and 13.0 million cancer
deaths (American Cancer Society. Cancer Facts &
Figures 2018. Atlanta: American Cancer Society; 2018).
Research has flourished not only in the traditional areas of
prevention, early detection, diagnosis, and treatment, but
newer insights into cancer biology and genomics have led
to the development of many novel therapies. While these
treatments hold new promises changing the landscape of
cancer therapy, they do come with side effects and unique
toxicities. (www.cancer.gov).

Cancer treatments can be broadly categorized into the
following:

1. Surgery
2. Chemotherapy
3. Radiation
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a) External Beam
b) Internal (Brachytherapy or localized radiation modalities)

4. Hormone Therapy
5. Immunotherapy
6. Targeted Therapy

Chemotherapy

The classical chemotherapeutic agents generally target fast
dividing cancer cell but also injure normal cells.
Chemotherapy is termed as neoadjuvant when given before
surgery, adjuvant when given during or after surgery, and pal-
liative when given to improve the quality of life. Toxicities
affect pulmonary, cardiac, renal, hepatic, gastrointestinal, and
hematologic and nervous systems [1], illustrated by the fol-
lowing examples:

Bleomycin, an antitumor antibiotic isolated from a strain of
Streptomyces verticillus. It is used for treating Hodgkin’s lym-
phoma, cervical cancers, and germ-cell tumors. It is known to
cause pulmonary injury leading to pulmonary fibrosis.
Pulmonary toxicity is accelerated with exposure to high-
inspired concentration of oxygen. Bleomycin-induced lung
injury or BILI is from release of cytokines and free radicals,
related to low levels of bleomycin hydrolase (BLMH) in the
lung. BLMH deactivates bleomycin. It is believed that in the
presence of higher inspired oxygen concentrations, free radi-
cal formation increases, accelerating lung injury. This leads to
an immunologically mediated inflammatory response causing
a pneumonitis, eventually culminating in pulmonary fibrosis
[2]. Bleomycin-induced pulmonary toxicity is seen in about
40–45% of patients with a mortality reaching 3%. Risk factors
include age, smoking, cumulative drug dose, poor renal func-
tion, concomitant use of oxygen, and radiation therapy.

There are reports of cases developing acute respiratory dis-
tress syndrome ARDS after surgeries requiring general anes-
thesia, interestingly a retrospective analysis found the inci-
dence at 1.9%, lower than expected.[3••]

Therapy for bleomycin-induced lung toxicity has not been
established. There is role of corticosteroids in acute phases of
interstitial pneumonitis and hypersensitivity pneumonitis
(prednisone up to 100 mg/day).

Supplemental oxygen should be used to keep oxygen sat-
urations at 89–92%; in practice, anesthesiologist will tend to
keep the FiO2 to no more than 30%. The priority remains to
maintain adequate oxygen saturations even if higher inspired
O2 concentrations are needed. Intraoperatively judicious use
of intravenous fluids to avoid pulmonary edema is recom-
mended [4].

Epirubicin and doxorubicin are anthracyclines commonly
used for treating breast cancer. Cardiotoxic complications

range from benign arrhythmias to ischemia/myocardial infarc-
tion, heart failure, and cardiomyopathy with reduced ejection
fraction [5]. In most cases, toxicity manifests in the first year
after chemotherapy and depends on total anthracycline dose
and posttreatment LVEF [6]. Interestingly, in some animal
studies, melatonin use has shown to be protective against
adriamycin-induced toxicity [7]. Echocardiogram is still the
mainstay of diagnosing the condition, but increasingly bio-
markers like BNP and troponin fractions are being utilized.
However, early detection and prompt treatment are crucial for
regaining ventricular function, which seems to recover in ma-
jority of cases [6].

5-fluro-uracil (5-FU) another drug used in breast and colon
cancers can injure coronary arteries producing angina-like
syndrome and even myocardial infarctions. Cisplatin,
carboplatin, and oxaliplatin, platinum-based chemotherapy
agents are nephrotoxic.

Cisplatin and vincristine can also cause neurotoxicity-like,
peripheral, and cranial neuropathies, myalgia, and seizures
[8•]. Most chemo agents are used as combinations effecting
multiple systems myelo-suppression, anemia, neutropenia,
and pancytopenia. Gastro-intestinal side effects like nausea,
vomiting, diarrhea, and mucositis are common and often de-
bilitating [9].

Radiation

Radiation therapy uses high-energy particles or waves, such as
x-rays, gamma rays, electron beams, or protons, to destroy or
damage cancer cells, by creating free-oxygen radicals leading
to breaks in nuclear DNA. Radiation can be given as external
radiation, internal radiation or brachytherapy, and systemic
radiation (given as an oral radioactive drug that circulates
systemically but eventually concentrates in the target tumor
cell, e.g., radioactive iodine for thyroid tumors).

External Beam Radiation or Photon Beam Radiation Therapy
Photons are charged through a linear accelerator delivering a
photon beam to the tumor. This can damage healthy tissue in
the path of the beam and around the tumor. Depending on the
site of radiation, significant damage can occur causing de-
layed wound healing, induration of the skin, vascular stenosis,
myocarditis, pneumonitis, pulmonary fibrosis, and delayed
wound healing. Radiation for head and neck cancers leads to
induration, fibrosis, skin changes, and mucositis. Achieving a
central venous access is difficult; face mask ventilation and
laryngoscopy become challenging due to limited neck exten-
sion and rigidity of the oropharyngeal tissues. Radiotherapy
for the head and neck leads to a difficult central venous access.

Over time newer radiation techniques have developed to
(a) deliver precise high doses to tumor cells and (b) minimize
damage to surrounding healthy tissue.
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Proton Beam Radiation Therapy A cyclotron or synchrotron
generates a proton beam uses protons, causing little damage to
tissues they pass through. The cell killing energy is released at
a calculated depth (tumor site). A proton beam radiation de-
livers more radiation to the tumor while reducing damage to
normal tissues.

Three-dimensional conformal radiation therapy (3D-CRT):
A 3-d image of the tumor is constructed and then radiation is
delivered from different angles matching tumor shape, reduc-
ing normal tissue damage [10].

Image-guided radiation therapy (IGRT) is like 3D-CRT.
Radiation is adjusted to hit the tumor precisely based on
CT images. Intensity-modulated radiation therapy (IMRT)
and helical-tomotherapy are other variations of 3D-CRT
[11, 12].

Stereotactic radiosurgery is used primarily for brain tu-
mors. Radiation precisely aimed at the tumor, giving a large
dose of radiation to a small tumor area, minimizing collateral
damage [13]. When used outside the brain, it is termed stereo-
tactic body radiation therapy (SBRT), used for certain lung,
spine, and liver tumors. Examples are X-Knife™,
CyberKnife®, Clinac®, and Gamma Knife.

Intraoperative radiation therapy (IORT) is external radia-
tion given directly to the tumor or tumors during surgery [14].

Hormone Therapy

Some cancers require hormones to grow. Therapy is directed
towards stopping hormone production or preventing their
growth effects on cancer cells. Breast, prostate, ovarian, and
endometrial cancers can be hormone sensitive. Drugs like ta-
moxifen, aromatase inhibitors like anastrazole (Arimidex),
exemestane (Aromasin), letrozole (Femara), and leutinizing
hormone blocker gosserlin (Zoladex) have been used in breast
cancers. Side effects include propensity for forming blood
clots, liver impairment, and blood pressure changes.
Similarly for prostate cancers, anti-androgen drugs like
enzalutamide (Xtandi) and abiraterone (Zytiga) are being
used. About 10% report hypertension as a side effect and
cardiac dysrythmias are reported about 1% of the time. This
is attributed to mineralocorticoid excess. Hepatic impairment
has also been reported. (www.medicines.org.uk).

Targeted Therapy

Targeted therapy refers to a new generation of cancer drugs
designed to interfere with a specific molecular target (typically
a protein) that is believed to have a critical role in tumor
growth or progression. There are two main groups: (1) small
molecule inhibitors and (2) angiogenesis inhibitors. U.S. Food

and Drug Administration (FDA) has approved over 15
targeted cancer therapies since 2000 [15•].

Small Molecule Inhibitors This group targets proteins that
have become dysregulated, such as inappropriately overactive
kinase activity rendering a cell cancerous. By binding to tyro-
sine kinase site, these molecules inactivate the domain, thus
disrupting downstream signaling. General use is to treat
chronic myeloid leukemia (CML) and gastro-intestinal stro-
mal tumors (GIST). The two commonly used drugs in this
category are imatinib (Gleevec) and dasatinib (Sprycel).
Imatinib targets abelson tyrosine kinase (ABL) protein, which
also modulates function in cardiac muscle cells, leading to left
ventricular dysfunction and heart failure (in less than 1% of
patients). Common side effects include an increase in infec-
tion rates, diarrhea, headaches, pleural effusions, andmyalgias
[16].

Angiogenesis Inhibitors Angiogenesis means formation of
new blood vessels. Along with proliferation of endothelium,
this plays a key role in tumor growth. Thus, blocking angio-
genesis is a logical approach against many tumor type.
Signaling systems that regulate this process are vascular en-
dothelium growth factor (VEGF) and their receptors
(VEGFR-1, -2, and -3). VEGFR-2). VEGFRs are expressed
at high levels in many types of human solid tumors, including
glioma, lung, breast, renal, ovarian, and gastrointestinal tract
carcinomas. Inhibition of VEGFR has led to development of
drugs like bevacizumab, sorafenib, and suntinib [17]. Side
effects include HTN (can progress to hypertensive encepha-
lopathy in some cases), dysrhythmias, myocardial dysfunc-
tion, (QTc prolongation) strokes, and rarely, a condition called
reversible posterior leukoencephalopathy (RPLNS) that mani-
fests as eyesight changes, drowsiness, and behavioral chang-
es. Skin toxicities like hand-foot syndrome (palmo-plantar
erythrodysesthesia), xerosis, exanthens, and scaling are com-
mon. In a surgical patient, these can lead to delayed wound
healing, but these side effects are dose-related and reversible
with discontinuation of therapy; thus, a cooling off period of
4–6 weeks generally was observed prior to surgery [18, 19].

Formation of blood vessels maybe a useful way to arrest
tumor growth; however, it has the opposite effect on wound
healing. Angiogenesis is critical to proliferative phase of
wound healing. Inhibition of VEGF can therefore produce
surgical site bleeds, wound dehiscence, wound infections,
and incisional hernias [20••].

Immunotherapy

Spontaneous regression of a tumor is an extremely rare (1 in
60,000–100,000) event. Immune-mediated host responses are
thought to be central to this phenomenon [21, 22]. Cancer
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immunotherapy is now a rapidly expanding field and encom-
passes a wide variety of concepts and methods. There are
more than 3000 immuno-oncology trials ongoing, targeting
hundreds of disease and immune pathways and involving hun-
dreds of research institutes across the globe. Increased under-
standing of the complex interactions between tumors and the
host immune response has led to the development of newer
therapeutic strategies. In particular, a wide range of different
and potentially synergistic immunotherapy combinations
[23••].

Non-specific Cancer Immunotherapies This type of therapy
does not target cancer cells directly, but stimulates the immune
system in a general way to improve the immune response.
These can be used alone, or as adjuvants. Grouped under
cytokines, interferons, interleukins, immune-modulating
drugs like thalidomide and lenalidomide. These have now
been in use for many years. Side effects include fatigue, con-
stipation, and low blood cell count. More serious side effects
are neuropathies and DVT/PE.

Monoclonal Antibodies In 1975, development of hybridoma
technology enabled the production of mouse monoclonal an-
tibodies (mAbs) [24]. Since then, transition from mouse to
fully human mAbs has successfully taken place leading to
successful clinical use. Monoclonal antibodies are designed
to identify and attach themselves to surface antigens on tumor
cells thus rendering them visible to host immune system
(alemtuzumab (Campath)) leading to direct inhibition of tu-
mor cell proliferation by apoptosis or inhibiting cell growth by
inactivating key proteins, (trastuzumab (Herceptin)) or kill
targeted tumor cells through antibody-dependent and
complement-dependent cell-mediated cytotoxicity (ADCC
and CDC). Antibodies can recruit immune cells such as Tcells
or chimeric antigen receptor (CAR) T cells and can also be
used to deliver chemo (brentuximab (Adcetris)) and radiation
(ibritumomabtiuxetan (Zevalin) to cancer cells [25]. As ex-
pected, a multitude of general immune-mediated side effects
like allergic reactions (including anaphylaxis), serum sick-
ness, tumor lysis syndrome, thrombocytopenia, anemia, and
dermatitis are common. More serious side effects like cyto-
kine release syndrome, re-activation of latent tuberculosis,
progressive multifocal leuco-encephalopathy, generally due
to reactivation of John Cunningham virus, are often fatal [26].

In 1991, Kounis et al. described histamine-induced coro-
nary artery spasm or allergic angina syndrome [27]. This is a
cardiac hypersensitivity reaction due to the formation of anti-
monoclonal drug antibodies, mediated through mast cell acti-
vation. Coronary artery spasm and atheromatous plaque rup-
ture occur during an allergic reaction. Three variants are rec-
ognized: vaso-spastic allergic angina, allergic myocardial in-
farction, and stent thrombosis leading to ventricular dysfunc-
tion, arrhythmias, acute myocardial infarction, and

vasospastic angina pectoris [28]. Diagnosis is based on symp-
toms of chest pain, ST-elevation and acute MI on EKG, ele-
vated troponins, and wall motion abnormalities on echocar-
diogram. Treatment includes the use of antihistamines, ste-
roids, and sometimes percutaneous coronary interventions.

Hyperthyroidism, responsive to carbimazole, has been re-
ported [29, 30].

Immune Checkpoint Inhibitors Immune response to a patho-
gen is a complex, multimodal response with built-in checks
and balances to limit collateral damage to innocent by-
standers. The molecules that suppress the immune response
when it encounters a normal cell are called immune check-
points; so, under normal physiologic conditions, the immune
checkpoints serve to inhibit immune responses against self-
antigens, thereby preventing unwanted autoimmunity [31].
Tumor cells often utilize immune checkpoint molecules to
avoid T cell recognition and thus evade an immune attack.
PD-1 and PD L-1 are checkpoint proteins that can be blocked
to achieve checkpoint inhibition. Pembolizumab (Keyturda),
nivolumab (Opdivo), atezolizumab (Tecentriq), avelumab
(Bavencio), and durvulumab (Imfinzi) are currently approved
for use in non-small cell lung cancers and melanomas.

CTLA-4 is another check point protein, and ipilimumab
(Yervoy), a monoclonal antibody, used against melanoma,
but has a more serious side effect profile.

Newer check point inhibitors, e.g., tremelimumab,
pidilizumab, and eluzumab are in the pipeline [32].

With these therapies, the breaking up of immune self-
tolerance leads to a myriad of auto-immune reactions. These
range from appearance of rashes and GI dysfunction like co-
litis and hepatitis to life-threatening endocrinopathies.
Ipilimumab treatment has been associated with hypothyroid-
ism, adrenal insufficiency, and hypophysitis. Hyopophysitis
can be life-threatening due to secondary hypoadrenalism. It
is irreversible in most cases requiring lifelong hormone re-
placement [33].

Adoptive Cell Therapy Cancer cells are remarkably adept in
escaping immune surveillance. Patients’ own T cells can be
modified by adding an antigen receptor to the cell in the lab,
thus forming a chimeric antigen receptor (CAR) T lympho-
cyte. Patients’Tcells are removed by leukopharesis, modified,
and re-infused. Tisagenlecleucel (Kymryeah) has recently
been approved by FDA to be used in B-cell type acute lym-
phocytic leukemia. The therapy is promising but has some
serious side effects like CNS toxicities and cytokine release
syndrome (CRS), which occur as cancer cells lyse and release
toxins in the blood, further stimulating the immune system to
unleash a massive response. CRS is a potentially life-
threatening toxicity mediated through cytokines like interfer-
on y, and interleukin (IL) 6. Symptoms range from fever,
headache, chills, fatigue, and diarrhea to dysrhythmias and
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heart failure. Drugs like tocilizumab (an immunosuppressant)
and corticosteroids are effective treatments, but this then de-
feats the purpose of immunotherapy [34].

Therapeutic tumor-infiltrating lymphocytes (TILs) is an-
other form of adoptive cell therapy that [35] employs isolating
lymphocytes from the tumor tissue, modifying these in vitro
by treating them with IL-2 and re-infused in the tumor leading
to tumor lysis [36]. Treatment is being tested on melanoma
and the liver and kidney cancers. Rare but serious side effects
include cytokine-release syndrome, cardiac dysrhythmias,
shock, and coma [37••].

Vaccines Bacillus Calmette-Guerrin (BCG) has long been
used to treat urinary bladder cancers. It is instilled into the
bladder few weeks after a TURBT. The BCG attaches to can-
cer cells. Circulating immune cells are attracted to the bacillus,
coming in close contact with superficial surface lining cancer
cells, attacking and killing them. HPV (human papillomavi-
rus) and hepatitis B vaccines have also been used for the same
purpose.

Tumor cell, tumor antigen, and vector-based vaccines are
under study. Dendritic cell vaccines have shown the most
success, and sipulecel (Provenge) has been approved for use
in prostate cancer.

Oncolytic viruses are being studied to kill cancer cells or
immune, modify, and boost the immune system to attack can-
cer cells. Talimogene laherparepvec (Imlygic) is one such ex-
ample [35].

Conclusion

It is hard for an anesthesiologist to keep pace with all the new
therapeutic developments that have come about in a short
period of time. At the same time, patients who receive these
treatments are not only physiologically compromised but may
come in with specific side effects from treatment that the an-
esthesiologist needs to be fully aware of. This will require a
good working knowledge of abovementioned treatment mo-
dalities, a thorough preoperative assessment, communication
with oncologists and surgeons, but most importantly extreme
vigilance during anesthesia.

The cancer state poses a unique challenge when one ven-
tures to determine the functional status of a patient from a
preoperative assessment standpoint. The purpose of this as-
sessment among other things is to clarify patient and surgical
specific risks and recognize when such a risk can be optimized
in a patients favor. Cancer-related fatigue and treatment-
induced physiological derangements make it difficult to iden-
tify where the source of physiological dysfunction lies. It may
be impossible to assess the integrity of the cardiovascular
system based on physical activity (a key determinant of car-
diac integrity in ACC/AHA guidelines). When on top of this,

a patient has undergone therapies that are cardio toxic, the
picture becomes fuzzier. One then has to rely on investigations
like serial troponins, echocardiograms, and their interpreta-
tions to determine as true a cardiac status as possible. If car-
diac injury is found, then one must determine the necessity vs
risk of surgery and the effects of delaying cancer therapy. If we
do need to “cancel” a case, we must ensure that the time
gained by this delay is primarily used to reduce the assessed
risk that has resulted in the delay. These decisions have to be
made in conjunction with the patient, surgeon, and oncologists
involved in patient care. The dialog should be transparent with
clearly established goals. The need for collaboration, advice,
and consent with colleagues from surgery, medicine, cardiol-
ogy, and oncology has now become more important than ever
before.
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