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or provide the basic principles of den-
tal care in the cancer patient popula-
tion. With rapid advances in newer tar-
geted therapies, surgery, radiation 
therapy, and chemotherapy, it is chal-
lenging for dental professionals to be 
knowledgeable and comfortable in 
managing their patients with cancer. 
Overall, these patients may present 
with a variety of recognized adverse 
e!ects including oral mucositis, infec-
tions, salivary gland hypofunction, 
dental caries, taste disturbances, tris-
mus, and osteonecrosis (medication 
and/or radiation-related). A common 
concern among dentists is providing 
appropriate, cost-e!ective, evidence-
based treatment that is also feasible in 
the general dental practice setting. 

This review will address the most 
common side e!ects related to can-
cer and cancer therapy as well the 
evidence-based management op-
tions. Due to space limitations, the 

In the United States, approximately 
40% of the population will develop 
cancer during their lifetime. For the 

year 2020, an estimated 1,806,590 new 
U.S. cancer cases will be diagnosed, 
including an estimated 53,260 oral 
and oropharyngeal malignancies.1

In 2014, a survey by the American 
Dental Association revealed that 
32.3% of the general population does 
not visit their dentist at least annual-
ly.2 Beyond the financial, social, and 
physical barriers to routine dental vis-
its, dentists often encounter patients 
with cancer who present not only with 
routine dental and periodontal needs, 
but with the complications of their 
malignancy and/or its treatments. In 
addition, it is well-recognized that 
dental practitioners play a critical role 
in optimizing treatment-planning and 
management of cancer patients. 

Despite this, most U.S. dental school 
curricula do not include these topics 
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Table 1 — WHO Oral Toxicity Scale

 

 WHO Grade Clinical Findings and Symptoms
 Grade 1 Mucosal erythema and soreness

 Grade 2 Mucosal erythema, ulcerations
  Patient cannot swallow solid foods

 Grade 3 Mucosal erythema, ulcerations
  Patient cannot swallow food

 Grade 4 Extensive mucositis making alimentation impossible

topics of medication- or radiation-in-
duced osteonecrosis (MRONJ, ONJ) 
and trismus will not be covered.

Oral mucositis
Mucositis is defined as erythema 

with or without ulceration of the oral 
mucosa. This condition can be painful 
and hinder the ability to eat. The 
World Health Organization (WHO) has 
developed the Oral Toxicity Scale to 
grade the severity of oral mucositis.3 
This tool is commonly used in re-
search to standardize categorization 
of the intensity of this condition and to 
formulate appropriate recommenda-
tions. Oral mucositis (OM) a!ects al-
most all patients undergoing head and 
neck radiation therapy, 75-100% of pa-
tients receiving high-dose chemother-
apy as conditioning for hematopoietic 
stem cell transplantation (HSCT), and 
20-40% of people being administered 
conventional chemotherapy.4,5

OM is initiated by direct cell dam-
age, although the pathogenesis of 
this complication is highly complex. 
As the lining epithelial cells of the 
oral mucosa turn over rapidly (7-14 
days), they are especially sensitive to 
cytotoxic cancer therapies.6 Not sur-
prisingly, OM can develop as soon as 
one week after treatment is initiated.6 
While the risk and/or severity of mu-
cositis is di"cult to predict in a given 
patient, influencing factors include 
drug type, duration, and dose for che-
motherapy; type, mucosal field vol-
ume, fractionation, and total dose for 
radiation therapy; and use of concur-
rent radiation and chemotherapy.6 In 
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Table 2 — Treatment options for oral complications suggested based on current scienti!c 
evidence, the authors’ experience, as well as management protocols for cancer patients 
at the James Cancer Hospital Solove Research Institute, Columbus, Ohio.

addition, the severity of OM can re-
quire modulation of doses and ulti-
mately may a!ect prognosis.5 

Once cancer therapy has ceased, 
the healing phase occurs over the sub-
sequent 2-4 weeks, and patient man-
agement is predominantly palliative in 

nature. A 2% viscous lidocaine solu-
tion or sucking on ice chips can pro-
vide temporary relief. In severe cases, 
the Multinational Association for Sup-
portive Care in Cancer (MASCC/ISOO) 
guidelines support the use of 0.2% 
morphine or 0.5% doxepin (tricyclic 

antidepressant) mouth rinses for pain 
relief.7 Nonetheless, these prepara-
tions have side e!ects, which include 
stinging or burning (doxepin) as well 
as significant drowsiness. In addition, 
traditional opioids are frequently less 

(Continued on Page 38)

Drug Form and Amount Dosage
Treatment of Oral Candidiasis

Clotrimazole (Mycelex) 10 mg troche x 50 Dissolve 1 troche slowly in the mouth 
5x/day for 10 days without dentures 
or removable prostheses

Fluconazole 100 mg tablet x 15 Take 1 tablet p.o. Q12H on 1st day, 
then 1 tablet daily for the next 13 days

Nystatin

For treatment of oral appliances:

100,000 U/mL oral suspension Clean and immerse denture or oral 
appliance in nystatin suspension every 
night for 10 nights

Mild Bleach Solution

For treatment of complete acrylic (no metal) dentures:

Household bleach (1 part bleach:  
10 parts water)

Clean and immerse denture in diluted 
bleach solution every night for 10 nights

Pharmaceutical Salivary Stimulants
Pilocarpine HCL (Salagen) 5 mg tablet x 90 Take 1-2 tablets p.o. Q6-8H  

Maximum adult daily dose: 30 mg
Cevimeline HCL (Evoxac) 30 mg tablet x 90 Take 1 tablet p.o. Q8H  

Maximum adult daily dose: 90 mg

HSV and VZV Prophylaxis
Valacyclovir (Valtrex) 500 mg tablet Take 1 tablet p.o. BID

Treatment of Oral HSV and VZV Infections
Valacyclovir (Valtrex) 1000 mg tablets x 20 Take up to 1000 mg p.o. BID (TID for 

VZV) x 10 days

Treatment of Mild-Moderate Oral Mucositis
2% Viscous lidocaine oral solution 15, 20 and 100 mL bottles Rinse with 1 tbsp for 2 minutes and 

expectorate Q4-6H as needed

Treatment of Severe Oral Mucositis
Morphine 0.2% oral solution Not commercially available. Must be 

compounded at pharmacy.
Rinse with 1 tbsp for 2 minutes and 
expectorate Q3-6H as needed
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e!ective at controlling mucositis-relat-
ed pain. Transdermal fentanyl adminis-
tered through a patch has been sug-
gested by other authors.6,7 Although 
“magic mouthwashes” are popular 
among some practitioners, their formu-
lations are highly variable and there is 
insu"cient evidence to recommend 
their general use for OM. Similarly, 
chlorhexidine mouthwashes and other 
antimicrobial topical solutions may be 
used to improve oral hygiene in dentate 
patients, but are not recommended for 
the sole purpose of preventing OM.8 

While the true impact on OM is un-
clear, dental providers should edu-
cate patients on basic oral care, as 
most studies indicate a variety of as-
sociated beneficial e!ects.8 Basic oral 
care practices include teeth brush-
ing, daily flossing, and use of one or 
more mouth rinses (e.g., salt water or 
1% sodium bicarbonate, chlorhexi-
dine gluconate 0.12%) to maintain 
good oral hygiene.8 Despite the ab-
sence of specific guidelines for their 
use, mouthwashes may help reduce 
oral discomfort and increase the 
clearance of oral debris.8 Cryothera-
py is supported by current evidence 
to prevent OM whereas systemic zinc 
supplements are no longer en-
dorsed.6,9 Maintaining ice in the oral 
cavity (30 minutes) has been recom-
mended in patients receiving bolus 
doses of 5-fluorouracil (5-FU) and 
high doses of melphalan for HSCT.10

Oral infections
In normal, healthy individuals, the 

oral microbiobial flora represents a 
dynamic balance of hundreds of dif-
ferent microorganisms, predominat-
ed by bacteria but also containing 
fungal, viral and protozoal forms.11 
The balanced microbiome is associ-
ated with a normal-appearing, as-
ymptomatic mucosa, but even subtle 

Oral Complications
(Continued from Page 37)

  Products for Dry Mouth (OTC and Rx)

 Salivea (OTC) Toothpaste, mouthrinse and mouth sprays
  Contains salivary enzymes 
  Original Biotene formulation

 Biotene (OTC)  Toothpaste, mouthrinse, mouth sprays, gel, 
  lozenges
  Contains xylitol

 Xylimelts (OTC) Dissolvable oral-adhering discs 
  Contains xylitol

 Xerostom (OTC) Toothpaste, mouthrinse, gel 
  Contains olive oil, betaine and xylitol

 Oramoist (OTC) “Dry mouth relief patch” 
  Contains xylitol

 Therabreath (OTC) Gums, lozenges, mouthrinse.
  Contains xylitol

 Caphosol (Rx) Artificial saliva

 NeutraSal (Rx) Artificial saliva

 SalivaMax (Rx) Artificial saliva

  Products for Caries Prevention

 Colgate PreviDent  1.1% Sodium fluoride toothpaste or gel
 5000 Plus (Rx)  

 3M Clinpro 5000 (Rx) 1.1% Sodium fluoride toothpaste

 Duraflor Halo (Rx) 5% Sodium Fluoride Varnish (In-office application)

 Advantage Arrest (Rx) Silver diamine fluoride 38%  
  (In office application)
  Substantial staining side effect

Table 3 — Products for caries prevention/arrest and 
hyposalivation. 

Non-prescription (Over-the-counter, OTC) products for dry mouth are not supported 
by current evidence-based scientific literature. The authors do not endorse a 
particular brand or product listed above.
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Among head and neck cancer pa-
tients, candidiasis may arise in those 
receiving chemotherapy alone, but 
those treated with loco-regional radi-
ation or combined chemoradiothera-
py are at particular risk, with rates 
ranging from 25-67%, likely due to ra-
diation-associated salivary gland in-
jury and xerostomia.12,13 In another 
study, oral candidal infection was 
seen in 37% of patients receiving com-
bined chemoradiation therapy at a 
mean of 29 days into treatment, and 
patients with oral candiasis were at 
significantly greater risk for develop-
ing dysphagia.14 In these settings as 
well as in strongly immunosuppressed 
patients, prophylactic use of flucon-
azole has shown consistent e!ective-
ness in preventing and treating oral 
candidiasis.12 In refractory cases, itra-
conazole has been useful as a second-
line agent followed by lipid formula-
tions of amphotericin B. Although 
topical agents such as clotrimazole or 
nystatin may be helpful in mild cases 
of oral candidiasis, they have tended 
to be less e!ective in cancer patients 
compared to systemic agents and 
their use may not be completely free 
of untoward drug interactions, partic-
ularly in cancer patients using immu-
nosuppressive therapy.15

Viral infections, including latent 
herpesvirus infections, can be di"-
cult to diagnose as well as manage in 
the setting of immunosuppression. 
This includes patients with cancer as 
well as those being treated for cancer 
with traditional or newer targeted 
therapies. In the head and neck, this 
most often involves herpes simplex 
virus I or II (HSV, HHV I/II) or varicel-
la zoster virus (VZV, HHVIII). In can-
cer patients, viral activation can also 
stem from the psychological stress of 
a cancer diagnosis or the physical 
stress related to surgery or radiation 
therapy. A recent report found that 
among 21 di!erent forms of cancer, 
VZV infections were most strongly as-
sociated with hematological malig-
nancies such as multiple myeloma, 

lymphoma, and leukemia.16 Among 
solid cancers, the relationship was 
strongest with central nervous sys-
tem cancer, followed by lung and 
oral/esophageal cancers. With oral 
cancer patients, VZV infection was 
typically identified within three years 
of initial diagnosis.

Regarding HSV infections, a 2010 
manuscript reported a higher preva-
lence in neutropenic patients com-
pared to head and neck cancer pa-
tients treated by adjunctive 
chemotherapy and radiation (~50% to 
~43%) as well as radiotherapy alone 
(0%).17 In a 2017 follow-up, this group 
confirmed the e"cacy of antiviral 
therapy (acyclovir 400 mg 5 x daily, 
valacyclovir 250 mg x 2 daily to 1 g x 3 
daily) in either a treatment or prophy-
lactic strategy.18 Interestingly, HSV-1 
reactivation was shown to be signifi-
cantly associated with chemothera-
py-induced oral mucositis in patients 
with hematological malignancies or 
stem cell transplantation; however, 
culturable Candida levels were not.19

It should be re-emphasized that 
immunosuppression in cancer pa-
tients can mask the typical diagnos-
tic features of oral herpesvirus infec-
tions. While recurrent HSV and VZV 
in healthy patients commonly pres-
ents as multiple small vesicles, limit-
ed to bound-down mucosa of the pal-
ate or attached gingiva and restricted 
to one side of the midline, immuno-
suppression can result in lesions af-
fecting any mucosal surface in any 
distribution. Vesicle formation is of-
ten minimal and lesions may present 
as non-specific, broad-based ulcer-
ations, occasionally with raised, whit-
ish borders. In these challenging cas-
es, oral cytology can be diagnostically 
useful in identifying the characteris-
tic epithelial cell alterations (viral cy-
topathic e!ects).  

Salivary gland hypofunction
Saliva has diverse functions and 

plays an important role in swallowing, 
(Continued on Page 40)

changes can alter the oral flora su"-
ciently to cause disease. The substan-
tial and wide-ranging impacts of ma-
lignancy and cancer therapy on the 
oral environment, ranging from mu-
cosal ulceration to salivary hypo-
function to immunosuppression, in-
crease the risk for oral infections 
among all cancer patients. Such in-
creased susceptibility underlies the 
general recommendation that all sites 
of active oral infectious disease, in-
cluding periapical and periodontal 
disease or secondarily-infected im-
pacted teeth, be treated or removed 
prior to the initiation of cancer thera-
py. This section will focus primarily 
on the infectious complications of 
candidiasis and herpesvirus infec-
tions, particularly herpes simplex vi-
rus I and II (HSV/HHV I, II) and vari-
cella zoster (VZV/HHV III).

While several candidal species are 
associated with oral disease, Candida 
albicans is the most common.12 This 
fungus can be found in up to 40-50% of 
normal, healthy individuals without 
evidence of disease, and the 
percentage increases with increasing 
age. Several patterns of candidiasis 
are recognized, including acute 
pseudomembranous (thrush) and 
erythematous. The latter form is also 
known as “antibiotic sore mouth” since 
it often a!ects patients with upper 
respiratory infections who are treated 
by broad-spectrum antibiotics. The 
subsequent loss of susceptible oral 
bacteria is thought to permit fungal 
overgrowth, leading the organisms to 
consume the keratinized filiform 
papillae of the tongue. As a result, the 
dorsal tongue becomes atrophic and 
erythematous, and patients often 
describe increasing sensitivity or pain. 
Acute pseudomembranous candidiasis 
may be asymptomatic, but patients 
may complain of a foul, salty, or bitter 
taste. Oral candidiasis can usually be 
diagnosed on the basis of clinical 
features alone; however, oral cytology 
or tissue biopsy may be needed with 
some patients. 
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Another relatively frequent cause 
of SGH is radiation therapy (RT) of 
the head and neck. Irradiation to the 
salivary tissue causes atrophy and 
permanent loss of acinar cells in addi-
tion to fibrosis and constriction of the 
salivary ducts. Possible complica-
tions within the oral cavity can vary 
from an increased risk of dental car-
ies associated with SGH to an in-
creased risk of osteoradionecrosis, 
particularly in the mandible. Al-
though the advent of intensity-modu-
lated radiotherapy (IMRT) has result-
ed in better preservation of salivary 
gland function, many patients are 
treated with doses greater than the 
critical limit for retention of subman-
dibular and parotid salivary gland tis-
sues (approximately 40 Gy). 

Regardless of the basis for SGH, 
both over-the-counter (OTC) products 
and parasympathomimetic drugs 
have been examined for e"cacy in af-
fected patients. As most studies su!er 
from a moderate to high risk of bias as 
well as small cohorts of participants, 
there is insu"cient evidence to sup-
port the use of topical products.22,23 
The use of chewing gum (preferably 
sugar-free), however, has been shown 
to temporarily increase salivary pro-
duction.22,24 Oral lubricants and saliva 
substitutes can also provide tempo-
rary relief.25,26 In practice, the patient 
should be encouraged to select a spe-
cific product based on personal pref-
erences and the cost-benefit ratio of 
the products. The patient should be 
aware that relief from these products 
is relatively brief. 

Regarding parasympathomimetic 
drugs, randomized clinical trial data 
suggests that pilocarpine (5-10 mg 
three times daily) is more e!ective 
than placebo in increasing salivary 
flow rate.23,27 Such benefit is greater in 
patients who received a cumulative 
dose less than 50 Gy. Cevimeline HCl 
(30–45 mg three times daily) has also 
been shown to improve xerostomia 
and unstimulated salivary flow rates. 
The use of these pharmaceutical 

digestion, speech, gustation and lubri-
cation of the oral/oropharyngeal mu-
cosa as well as prevention of dental 
caries and infections. The majority 
(80-90%) of daily salivary production 
is provided by the major salivary 
glands (e.g., parotid, submandibular, 
and sublingual). Most of the basal sa-
liva flow is derived from the subman-
dibular glands, whereas the bulk of 
stimulated saliva is provided by the 
parotid glands. The normal daily pro-
duction rate of saliva is approximately 
1.0-1.5 liters. When the unstimulated 
(basal) saliva rate is less than 0.1 mL/
min and the stimulated rate is less 
than 0.5-0.7 mL/min, objective hypo-
function is confirmed.20 While the 
term xerostomia (dry mouth) can en-
compass both objectively reduced sa-
liva flow and the subjective sensation 
of reduced or absent salivation, it is 
often incorrectly used as a synonym 
for salivary gland hypofunction (SGH).

Normally, saliva production re-
sults from parasympathetic stimula-
tion that causes the neurotransmitter 
acetylcholine to bind to M1 and M3 
muscarinic receptors in the salivary 
glands. A variety of mechanisms can 
lead to a decrease in salivary flow, 
but the most common etiology is 
medication use. A recent systemic re-
view noted that most of the published 
literature on salivary function does 
not provide objective measures of 
SGH.21 Despite this limitation, the 
cancer-related medications with the 
strongest associations with xerosto-
mia/SGH are scopolamine (to prevent 
nausea and vomiting caused by medi-
cations used during surgery) and opi-
oids-analgesics (e.g., buprenorphine, 
butorphanol).21 Furthermore, al-
though some medications may not 
exert a direct xerogenic e!ect, they 
may act synergistically with other 
therapeutic drugs to worsen SGH. 

agents is recommended only after 
completion of RT.26 They may also be 
beneficial with drug-related SGH. Side 
e!ects of these medications include 
sweating (most common), nausea, 
dyspepsia, vomiting, and flushing.28 
These are more frequent in patients 
using pilocarpine than cevimeline; 
however, the latter is more costly (90 
tablets: $133 vs. $231). Partial recov-
ery of salivary gland function can be 
anticipated when the local cumulative 
dose is ≤ 39 Gy.25,29 Some authors have 
suggested that a cumulative dose of < 
25–30 Gy to the parotid could allow 
for complete flow rate recovery.29 Al-
though a decrease in quality of life 
and saliva output is expected in the 
first six months following RT, salivary 
gland function can improve over 36 
months following treatment.20 Den-
tists should encourage proper hydra-
tion and patient involvement in their 
management strategy for xerostomia 
and SGH. 

Prevention of dental caries
An increased risk for development 

of dental caries in patients undergo-
ing cancer therapy is well-document-
ed and primarily attributed to radio-
therapy-induced salivary gland 
hypofunction as well as radiation 
damage to tooth structure. Patients 
receiving chemotherapy alone, how-
ever, also experience a significantly 
increased caries rate. 

Treatment toxicities, including oral 
mucositis and dysphagia, often nega-
tively impact oral intake and result in 
transient or sustained dietary chang-
es. In order to combat treatment or 
disease-related weight loss, patients 
may be instructed to use liquid di-
etary supplements that often contain 
refined carbohydrates, as well as to 
eat small, frequent meals. 

Together with hyposalivation and 
a disrupted salivary bu!ering capaci-
ty, this combination can result in 
enamel demineralization.30-32   
     
     

Oral Complications
(Continued from Page 39)
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es.31,33,37 In-o"ce application of fluo-
ride varnish by a dental professional 
may also promote caries resistance. 
Continual reinforcement of preventive 
measures is critically important, as 
compliance has been shown to signifi-
cantly decrease over time, with as low 
as 19% of patients continuing to use 
fluoride trays for more than one 
year.33,38 Interestingly, a compliance 
rate of 86% has been reported with 
daily use of a 5,000 ppm toothpaste, 
suggesting substantially better pa-
tient acceptance with this mode of de-
livery.37 

Poor compliance with any facet of 
caries prevention, including fluoride 
use, oral plaque control, and dietary 
management has been significantly as-
sociated with increased post-treat-
ment dental caries, highlighting the 
importance of a comprehensive ap-

Oral sensitivity or discomfort may 
lead to declining oral hygiene mea-
sures, and a microbial shift to cario-
genic organisms may further contrib-
ute to dental caries in this patient 
population. 

Fortunately, the dental team can 
help reduce the incidence of dental se-
quelae by initiating preventive mea-
sures before, during, and after anti-
neoplastic therapies. Many cancer 
centers mandate all patients undergo a 
pre-treatment dental evaluation to 
identify and remove potential sources 
of odontogenic and periodontal infec-
tion prior to commencing cancer ther-
apy. While even limited pre-treatment 
protocols have shown to minimize 
dental complications, preventive strat-
egies during and after cancer treat-
ment are paramount.33  

Dental caries may arise within the 
first few months of treatment, and its 
incidence increases over time. A retro-
spective study of 314 patients with na-
sopharyngeal carcinoma reported the 
prevalence of dental caries escalated 
from 16% at one-year post-radiothera-
py to 37%, 55%, and 74% at three, five, 
and seven years post-treatment, re-
spectively.28,34 Significant increase in 
post-treatment decayed, missing or 
filled teeth (DMFT) score, a standard 
measure of dental health, has also 
been reported in head and neck can-
cer patients at 9, 12, and 15 months 
post-radiotherapy.35 The prevalence of 
dental caries across all cancer pa-
tients is estimated at 28%.36

Prevention of dental caries requires 
a multifaceted approach and generally 
includes meticulous oral hygiene, 
once or twice daily use of chlorhexi-
dine mouthwash, and regular dental 
visits to minimize dental plaque de-
posits.33,37 The importance of fluoride 
supplementation is well-recognized, 
and all systems of fluoride delivery ap-
pear to have equal impact on caries 
activity. Options include custom trays 
designed to increase contact time of 
fluoride product to tooth structures, 
brush-on gels, pastes, or oral rins-

proach.31,37 In addition, secondary ben-
efits to maintaining dental heath in-
clude a reduced incidence and severity 
of oral mucositis.39 Caries prevention 
also reduces associated odontogenic 
infections and dental extractions, mini-
mizing risk for osteoradionecrosis, in 
patients who have undergone head and 
neck irradiation, and medication-relat-
ed osteonecrosis, in patients who have 
taken anti-resorptive or anti-angiogen-
ic drugs.32,40,41 While many toxicities of 
chemoradiation largely resolve over 
time, problems with the dentition gen-
erally remain stable or increase, nega-
tively impacting body image and quali-
ty of life.30 Dental and medical 
professionals must underscore the im-
portance of maintaining the dentition 
through conscientious and persistent 
adherence to a comprehensive caries 
prevention strategy.

(Continued on Page 42)
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management of cancer therapy-relat-
ed toxicities. A wide variety of poten-
tially helpful OTC products and pre-
scription drugs are available. These 
agents can be costly, however, and it 
is often di"cult to determine which 
treatment might provide the most fa-
vorable improvement in the patient’s 
quality of life. 

Unfortunately, the scientific litera-
ture regarding dental management for 
cancer patients is limited by the use of 
highly variable protocols and incon-
sistency in the level of data each study 
provides. Dentists must be cautious in 
the interventions they recommend 
and should work in a collaborative ap-
proach with the patient’s oncologic 
team. Resources such as the Multina-
tional Association for Supportive Care 
in Cancer guidelines are available 
free-of-charge to clinicians. In addi-
tion, the Journal of the National Cancer 
Institute (JNCI) has numerous mono-
graphs, which o!er evidence-based 
reviews on the subject. z
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