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Abstract
Introduction: When discussing cytotoxic chemotherapy, the way the drugs are administered is as important as 
choosing the regimen. Several aspects like hyperhydration, emesis, the period of administration, diet and aller-
gic reactions have to be taken into consideration. Method: Recent literature on these fi ve main topics was revi-
sed. Most relevant data was collected and summarized in an attempt to familiarize any reader with this matter. 
Conclusion:These aspects are of utmost importance in reducing toxicity, thus enabling more extended treatment 
compliance, administration of effective doses and better oncological outcomes.
Keywords: cytotoxic chemotherapy, toxicity, administration.

Rezumat
Introducere: Când se ia în discuţie chimioterapia citotoxică, modul de administrare al medicamentelor este la fel de 
important ca alegerea regimului de chimioterapie. Mai multe aspecte precum hiperhidratarea, emeza, perioada de 
administrare, dieta și reacţiile alergice trebuie luate în considerare. Metoda: Prezenta lucrare este un rezultat al ana-
lizei literaturii recente pe acest subiect și o sinteză a informaţiei care să poată fi  accesibilă oricărui cititor din dome-
niul medical. Concluzie: Aceste aspecte sunt foarte importante în a reduce toxicitatea la chimioterapie, permiţând 
complianţa mai bună la tratament, administrarea dozelor cu maximă efi cienţă și rezultate oncologice mai bune.
Cuvinte cheie: chimioterapie citotoxică, toxicitate, administrare.

REVIEWS

INTRODUCTION
In the last decade, huge eff orts have been made to op-
timize and personalize oncological treatment. Many 
novel therapies and better combinations of older ones 
have been implemented. Even if novelty is always ex-
citing, one has take into consideration that the way a 
drug is administered is as important as the drug itself. 
Th e present review focuses on how the administration 
of several cancer drugs can minimize the toxicity they 
induce. It stresses that if enough importance is given 

to this aspect, patients can tolerate eff ective doses of 
treatment with better outcomes and have better quality 
of life.

METHODS
For the present paper, recent literature on fi ve main 
topics including hyperhydration, emesis, the period of 
administration, diet and allergic reactions was revised. 
Most relevant data was collected in an attempt to fami-
liarize any reader with this matter.
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HYPERHYDRATION
Hyperhydration is defi ned as administering fl uids to 
obtain 100 ml/h diuresis. It is a very eff ective way to 
avoid renal and urinary tract toxicity when using re-
gimens that contain cisplatin, methotrexate, cyclopho-
sphamide or ifosfamide. Th e fi rst two can induce renal 
failure (both acute and chronic) by precipitating in the 
proximal and distal tubules in the kidney. Renal toxi-
city due to cisplatin usually results in azotemia, hypo-
magnesemia, hypokalemia1.

To avoid this, patients are supposed to take in at 
least 2000 ml of fl uids 12 hours before chemothera-
py administration. During administration, hydration 
diff ers from one total dosage of cisplatin to another, 
as follows: for doses of cisplatin that exceed 80 mg/
m2 4000 ml over 4 h should be administered, for doses 
between 60 and 80 mg/m2, at least 2000 ml over 2 h are 
necessary and for doses under 60 mg/m2 1000 ml over 
1 h. Adding electrolytes is useful, especially for the high 
doses. For example, in the case of more that 60 mg/m2 
cisplatin is required, 20 mEqKCl, 1 g MgSO

4
 and 30 g 

Mannitol should be added to hydration. When choo-
sing hydration volume, we have to take in considerati-
on whether the patient has preexistent kidney or car-
diac failure, or if clinical signs of fl uid retention exist2.

Renal methotrexate toxicity usually occurs at high 
doses (more that 1000 mg/m2). It is considered an 
emer gency because this drug is mainly excreted throu-
gh glomerular fi ltration and tubular secretion, so if renal 
failure occurs, high levels of serum methotrexate will 
persist, aggravating hematological and genitourinary 
toxicity. Hyperhydration and concomitant leucovorin 
(up to 1000mg/m2) are strategies for avoiding this3.

However, in case of kidney failure, the two have to 
be continued, but also urine alkalization is necessary, 
which inhibits methotrexate precipitation in the renal 
tubules. Th e rest of the treatment includes alkaline in-
travenous fl uids and glucarpidase (or carboxypeptida-
se-G2) if leucovorin is ineffi  cient. Th e goal of the the-
rapy is to lower the plasma level of methotrexate to less 
than 0.05 micromol/m2. In case of renal toxicity this 
should be monitored every 6 or 12 hours4,5.

When dealing with drugs that produce urothelial 
toxicity, like cyclophosphamide and ifosfamide the pre-
vention strategy has some diff erences. Firstly, the pro-
bability for this toxicity to appear depends on the in-
fusion rate, the metabolism rate, that is typical to every 
patient, urinary output, urinary frequency, concomitant 
exposure to other urothelial toxic drugs6. Metabolism 
of the two alkylating agents results in compounds like 

acrolein, which are very irritant to the urothelial epi-
thelium. Th ese are the main reason for this toxicity. 
Usually, toxicity is clinically obvious, presenting as he-
morrhagic cystitis, but cases with no macroscopic he-
maturia have been reported. Untreated, this condition 
leads to urinary bladder fi brosis, refl ux or even urothe-
lial carcinoma7. 

Primary prophylaxis of bladder toxicity includes 
hyperhydrationand MESNA (usually administered 
with cyclophosphamide at doses more that 2g/m2, and 
always with iphosphamide). MESNA is a water-solu-
ble compound that forms conjugates with acrolein, thus 
inactivating it. When administering high quantities 
of fl uid with cyclophosphamide, one has to take into 
account fl uid overload, given the fact that cyclopho-
sphamide has an antidiuretic eff ect. Th e importance of 
frequent voidance of the bladder is unequivocal8.

Th e advantages of hyperhydration are undoubtely 
present, but what about its’ risks? One has to take in 
consideration that with these high levels of fl uid intake, 
even a patient with healthy kidneys and cardiac functi-
on will have an accumulation of water in the interstitial 
space and will be prone to electrolyte disturbances. Th e 
risk of pulmonary edema is high, especially in patients 
older than 65. Monitoring fl uid balance is mandato-
ry and several methods have been proposed. A recent 
study showed that weighing the patient before and 
some hours after treatment, as opposed to the compli-
cated fl uid output-input measuring is more precise in 
risk assessment1. 

NAUSEA AND EMESIS
Chemotherapy-induced emesis and nausea are some of 
the most dose-limiting toxicities in cancer care. Inci-
dence can be up to 90% in patients receiving highly 
emetogenic regimes without prophylaxis. Managing 
emesis and nausea has to be effi  cient, for the treatment 
to be administered at correct time intervals and at 
eff ective dosage. Chemotherapy regimens can be clas-
sifi ed into low, moderate and highly emetogenic. Some 
agents have been recently re-classifi ed, like carboplatin, 
for example. Carboplatin AUC 4 is considered now 
to have high emetogenic potential. Any dosage un-
der AUC=4 is moderately emetogenic. However, new 
agents have been added to the classifi cation like atezo-
lizumab , with low emetogenic potential or rucaparib 
with high emetogenic potential9. 

Routine prophylaxis is mandatory for every catego-
ry of the chemotherapy regimen. When administering 
highly emetogenic agents, NK (urokinase) antagonists 
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should never be omitted, together with 5-HT3 RA 
(5hydroxytryptamine receptor antagonists) and stero-
ids. Moderate emetic risk regimens imply prophyla-
xis with 5-HT3 RA and steroid. For low emetic risk 
agents, steroids, metoclopramide and prochlorperazine 
or 5HT3 RA should be considered10. 

However, there are several other aspects to take 
into consideration for emesis prophylaxis. 5-HT3 RA 
can increase the risk of QT prolongation, the dosage 
per day is usually limited (16 mg per day for ondan-
setron). Patients with cardiac risk factors should have 
their EKG monitored as clinically indicated. Th e most 
frequent adverse eff ects of these drugs are headache 
and constipation. Th e patient should be informed abo-
ut them and instructed what action to take in case they 
appear. When 5-HT3 extended release methods are to 
be used and breakthrough emesis appears, the adminis-
tration of an antiemetic drug with a diff erent mecha-
nism of action is indicated11. 

Steroids are included in most of the emesis prophyla-
xis regimes so one should always keep in mind their 
adverse eff ects. Serum glucose values have to be moni-
tored and should be administered with caution in pati-
ents with diabetes mellitus. Steroid-induced dyspepsia 
should be treated or prevented by H2 receptor antago-
nists or proton-pump inhibitors. When present, stero-
id-related insomnia should be treated12.

When dealing with breakthrough emesis one should 
always consider a drug with diff erent mechanism of ac-
tion than the ones used for prophylaxis. Olanzapine is 
a very effi  cient drug in this setting. Several new trials 
have proven its effi  cacy. It should not be used together 
with metoclopramide or haloperidol because they can 
cause cumulative extrapyramidal eff ects. Administrati-
on concomitant with phenothiazines is permitted, but 
should be done with care. Th e risk for falls should be 
considered for patients older than 70, or frail ones. Ex-
cessive sedation usually occurs within the fi rst 2 days 
and improves over time, so there is no reason to lower 
the dose when this side eff ect appears, even in the el-
derly13,14. 

DURATION OF CHEMOTHERAPY 
ADMINISTRATION

Duration is another important aspect of chemotherapy 
administration. Longer or shorter than recommended, 
administration regimens can infl uence toxicity decisi-
vely. Oxaliplatin, for example, should be administered 
in intermittent infusion in 5% glucose solution over 3 
hours. Administration should always be done before 

fl uoropyrimidines. It should never be diluted in sodium 
chloride solutions. Th ere is evidence that when pharyn-
golaryngeal dysesthesia appears, it can be ameliorated 
with longer administration (over 6 hours)15,16,17. 

Paclitaxel is another drug with long administration 
time. It too should be administered over 3 hours and 
non-DEHP (a softner for polyvinyl chloride) sets must 
always be used. Usually, hypersensitivity reactions ap-
pear during the fi rst 10 minutes of the fi rst two cycles18. 
It must be stressed that the frequency of the hypersen-
sitivity reactions is not related to the dosage or the du-
ration of the administration. Correct premedication is 
the key to prevent this type of toxicity and it can lower 
the incidence from 40% to 2-3%19.

On the other hand, there are drugs that have to be 
administered rapidly. Th e most conclusive example is 
vinorelbine, a vesicant agent, known for inducing infu-
sion site reactions20. To prevent this, it should be admi-
nistered in no more than 6 to 10 minutes, in continuo-
us infusion21. After this, venous fl ushing with the same 
dilutant is mandatory. Placing warm pads on injection 
site seems to lower the risk of superfi cial thrombophle-
bitis22.

Gemcitabine is also known to have higher toxicities 
when administered in longer periods of time. Infusion 
in more than one hour can increase toxicity due to the 
larger distribution volume of the drug23. Th ere is some 
evidence that longer infusion produces better antitu-
moral eff ect. Th is is the reason why some regimens pro-
posed a longer administration time, but at a fi xed dose 
of 10mg/m2/min. However, the usual administration 
time for gemcitabine is 30 minutes24.

DIET DURING CHEMOTHERAPY
Diet during chemotherapy is another important mat-
ter. One has to take into account that chemotherapy 
induces neutropenia as one of its major side eff ects, 
making the patient susceptible to life-threatening in-
fection. Fresh food and vegetables are a source of gram-
negative bacilli that are harmless to an individual with 
normal immunity, but can be a threat to neutropenic 
patients. Th is fac led to the implementation of neutro-
penic or ‘low bacterial diet’-LBD25. Th e effi  cacy of this 
dies in preventing febrile events during chemotherapy, 
patient hospital admissions and even positive blood 
cultures have been tested in a trial by DeMille et al. 
Th is trial included 23 patients who received chemothe-
rapy and LBD and were monitored for 12 weeks. Study 
personnel called them at home and assessed adherence. 
Sixteen patients were compliant and 7 were non-com-
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one might think that changing the line of therapy is 
a must. Rapid desensitization is an effi  cient method to 
avoid this. It consists of progressively upgrading do-
ses during the same administration. For example, the 
regimen can start with administering 1% of the total 
dose during 30 minutes, then 10% in a fi xed amount of 
time, then the rest. Regimens have to be established by 
the allergist together with the treating physician. Th e 
treatment is at fi rst administered in an ICU unit, with 
close observation. If the fi rst administration was witho-
ut events, outpatient regimen could be a valid option. 
Th ere are some eff ective ways to foresee an allergic re-
action, like the skin test30. Th is is most useful with car-
boplatin, where testing after the sixth administration 
is often positive. Th is is a way of preventing the almost 
imminent allergic event, by initiating the desensitizing 
regimen before the reaction appears31. Th is strategy 
cannot be applied in the case of paclitaxel. Skin tests 
are not signifi cant in this setting probably because the 
reaction is not IgE-mediated. However, not all aller-
gic reactions to all types of chemotherapy agents are 
amendable to desensitization. When experiencing an 
event like this, correctly assessing it is of utmost im-
portance30.

CONCLUSION
To conclude, this review summarizes the most im-
portant aspects to consider when administrating che-
motherapy and stresses their importance in reducing 
toxicity, thus enabling more extended treatment com-
pliance, administration of eff ective doses and better 
outcomes.

pliant. Interestingly,fewer patients in the non-compli-
ant group had a gram-negative febrile admission(14% 
compared to 25% in the compliant group)26. Even if 
this could be interpreted as evidence not to recommend 
low bacterial diet, it is clear that further research needs 
to be conducted. However, National Comprehensive 
Cancer Network (NCCN) guidelines on prevention 
and treatment of infectious complications do not men-
tion the use of the neutropenic diet27. In the absen-
ce of clear evidence, when recommending this diet to 
the patient, one has to take into consideration many 
aspects like the general status of the patient, the che-
motherapy regimen used and many other. Some questi-
ons are still under debate. Th ey include: which patients 
benefi t most from this option, which foods have to be 
included/excluded, what way to prepare foods is best?

ALLERGIC REACTIONS TO 
CHEMOTHERAPY

Moreover, allergic reactions to chemotherapy can in-
terfere with the administration of the most effi  cient 
agents. Th eir incidence is diff erent from drug to another 
and the time of onset is also particular. Carboplatin, for 
example, induces allergic reactions most often after the 
seventh cycle and most are moderate to severe28. To ta-
xanes and particularly paclitaxel, however, patients are 
sensitized early in the course of treatment. Novel pre-
medication protocols have managed to reduce the in-
cidence of paclitaxel allergic reactions29. Usually, when 
facing this problem, prolonging the administration or 
supplementing premedication proves ineffi  cient and 
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