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Objectives: Concurrent chemoradiotherapy is considered a standard option for patients with 

stage 3 small cell lung carcinoma. A 25% risk of acute esophagitis is experienced by patients as 

a result of the volume of esophagus encompassed within a conformal radiotherapy technique. 

We reviewed our institutional experience administering the radioprotectant amifostine prior to 

daily radiotherapy to determine its effects on the onset of esophagitis.

Materials and methods: From 2005 to 2016, 49 patients diagnosed with stage 3 small cell 

lung carcinoma received concurrent chemoradiotherapy. Chemotherapy (CT) consisted of cis-

platin and etoposide with radiotherapy (RT) encompassing CT-identified gross tumor volume. 

In 32 patients (group 1), amifostine was delivered (500 mg subcutaneously divided in two 

injections) prior to the second daily RT fraction. The remaining 17 patients (group 2) did not 

receive amifostine due to choice or drug intolerance.

Results: Metrics of esophagitis included weight loss and opiate requirement during treat-

ment. About 31% of group 1 required opiates at a median RT dose of 3300 cGy, and 41% of 

group 2 required opiates at a median dose of 2250 cGy. The dose of radiotherapy delivered 

to 50% of the esophageal volume for group 1 was significantly greater than that in group 2 

(3000 cGy vs 576 cGy).

Conclusion: In this modern retrospective series of thoracic chemoradiotherapy in the treatment 

of stage 3 small cell lung cancer, amifostine that was delivered subcutaneously postponed the 

onset of esophagitis.
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Introduction
Concurrent chemoradiotherapy (CMT), in which chemotherapy is delivered every 3 

weeks in conjunction with radiotherapy (RT), is recognized as a standard treatment 

option in patients with stage 3 small cell lung carcinoma.1 Acute toxicities associated 

with CMT include fatigue, skin erythema, dyspnea, myelosuppression, and esopha-

gitis. Esophageal inflammation has been described as a dose-limiting effect2 and is 

observed in ~25% of patients undergoing CMT.1 Studies have reported a relationship 

between the volume of the esophagus irradiated and the likelihood of an acute injury. 

Series have reported volumes of esophagus irradiated as most reflective of acute symp-

toms, and efforts to sculpt the esophagus as an organ to avoid with RT have met with 

mixed results.3 Drug trials using the radioprotectant amifostine have been reported as 

unsuccessful in reducing acute esophagitis, but those trials used subjective measures 

of esophageal irritation such as patient self-reports.4,5 In this article, we report our 

retrospective series of amifostine as a cytoprotectant against acute esophagitis in 
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patients receiving definitive chemoradiotherapy for small 

cell lung cancer (SCLC), using objective measures of weight 

loss and opiate use.

Materials and methods
From 2005 to 2016, 53 consecutive patients with stage 3 

SCLC were evaluated at our large community hospital. 

This study was reviewed by the Wheeling Hospital IRB and 

deemed exempt as the data collection was retrospective, from 

chart review only, and did not include any patient identifi-

ers. All patients had previously provided written informed 

consent for the use of their medical data in future research. 

A diagnostic procedure was performed (by bronchoscopy 

or mediastinal node biopsy), followed by a standard staging 

evaluation to include blood work to assess marrow, renal, 

and liver function along with a radiographic survey includ-

ing a contrast-enhanced chemotherapy (CT) scan of the 

chest, abdomen, and pelvis. All patients underwent a pre-

treatment MRI of the brain and, with symptoms of skeletal 

pain, a bone scan. Our institutional approach is to deliver 

concurrent chemoradiotherapy with the RT targeting the 

thoracic tumor volume from the first cycle of chemotherapy. 

Four patients had bulky enough disease requiring induc-

tion chemotherapy prior to the initiation of the RT course, 

and they were excluded from this series; the remaining 49 

patients received concurrent chemoradiotherapy (CMT) 

from the first chemotherapy cycle and were the subject of 

this analysis. Chemotherapy consisted of a 21-day cycle of 

cisplatin (120 mg/m2 on day 1) and etoposide (60 mg/m2 

on days 1–3). The RT course consisted of 4500 cGy to the 

gross tumor volume in 150 cGy fractions delivered twice 

daily with a 6-hour interfraction interval. Elective nodal 

irradiation was not performed. The tumor volumes were 

identified at a diagnostic contrast-enhanced CT simulation. 

Three-dimensional conformal RT techniques were used. 

Intensity-modulated radiation therapy was not performed. 

The standard RT approach was to deliver 30 Gy in an 

opposed anterior-posterior beam arrangement and 15 Gy 

delivered in a spinal cord and esophagus-sparing oblique 

beam arrangement. In 32 patients (group 1), amifostine was 

delivered subcutaneously (500 mg) 30 minutes prior to the 

afternoon fraction of RT. Amifostine was not delivered on 

days when chemotherapy was given. Patients were encour-

aged to prehydrate and take compazine 10 mg per oral 

route 90 minutes prior to the amifostine injection. Patients 

were questioned by the nursing staff prior to the amifostine 

injection to ensure compliance with the hydration and anti-

emetic regimen. Failure to comply resulted in holding the 

amifostine dose for that day. All patients were observed in 

the department following the amifostine injection for signs 

and symptoms of hypotension and nausea. The remaining 

17 patients (group 2) did not receive pre-RT amifostine due 

to choice or drug intolerance.

The entire volume of the thoracic esophagus was contoured 

with an RT treatment planning system tool. This provided for 

a volumetric estimate of the esophagus that received the RT 

intended for the tumor volume; the esophagus, while adjacent 

to the tumor volume, received substantial dose. The dose of 

RT that was delivered to 20%, 30%, or 50% of the esophageal 

volume was classified as D20, D30, or D50, respectively.

Upon completion of the CMT course, patients completed 

a total of four cycles of cisplatin/etoposide and were then 

restaged and referred for consideration of consolidative 

prophylactic cranial irradiation based on at least a clinical 

partial tumor response. Following the completion of all 

therapies, patients were seen in a multidisciplinary clinic 

every 3 months. Follow-up consisted of physical examination, 

blood work, and a surveillance CT of the chest and abdomen 

twice a year. Targeted studies were performed in response 

to clinical concerns.

Statistical analysis
Representative results were shown in the present study. 

Numerical data were presented as the mean ± SD. The 

p-values between the two experimental groups were tested 

by 2-sample t-test, and p-values <0.05 were considered 

significant.

Results
Table 1 depicts the patient characteristics. Patients in groups 

1 and 2 presented with similar stages of disease with a 

nonsignificantly higher mediastinal nodal stage in the group 

not receiving amifostine (35% vs 22%). The median age of 

the two groups was similar (64 in group 1 and 67 in group 

2), and there were more women in our series overall (59% in 

group 1 and 71% in group 2). The pretreatment body mass 

index was significantly higher in the group receiving pre-RT 

amifostine though, because each patient served as his/her 

own control in terms of weight loss during therapy, this was 

not considered to be a clinically significant factor. Table 2 

illustrates the median absolute and relative weight changes 

as well as the median dose of RT at which point the opiate 

was prescribed. As is our clinical practice, all patients were 

prescribed a liquid hydrocodone/acetaminophen elixir (7.5 

mg/500 mg per 15 mL) and could self-titrate to effect with 

no more than 60 mL delivered in a 24-hour period. In group 
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1, 10 patients (31%) initiated opiates at a median RT dose of 

3300 cGy, whereas in the non-amifostine group, 7 patients 

(41%) initiated opiates at a median RT dose of 2250 cGy. 

The median absolute and relative weight loss experienced 

by group 1 was 4 pounds and 2% of the pretreatment body 

weight; 3 patients (9%) gained a median 3 pounds or 1.8%. 

The patients in group 2 not receiving amifostine lost a median 

2.5 pounds and 1.4% of their pretreatment weight. Patients 

in group 1 could receive at most 13 injections of amifostine 

(1 dose/day minus the 2 days of chemotherapy). The average 

number of injections of amifostine received was 10. The 

reason for fewer than 13 injections was that the patient did not 

follow preinjection protocol with hydration and anti-emetic 

(number of patients [n]=8) or preinjection hypotension (n=6). 

Neither opiate initiation nor weight change was significantly 

affected by amifostine use. The patients in group 2 who 

were not receiving the amifostine either declined the drug 

(n=3) or experienced drug-related toxicity after one injection 

(n=14). The drug toxicities included hypotension and emesis 

(n=8) and allergy (n=6). The allergy consisted of a drug 

rash in 4 patients and asthenia in 2 others. The allergic 

reaction resolved after an average 2 days with appropriate 

antihistamine administration.

Because of the apparent difference between groups in 

terms of the dose of RT at which opiates were initiated, 

we evaluated the RT dose delivered to 20% (D20), 30% 

(D30), and 50% of the esophagus (D50) in both groups. The 

average D50 for group 1 was 2569 cGy (CI 1949–3189 cGy) 

and for group 2 was 1420 cGy (CI 523–2316 cGy), which 

met statistical significance (p<0.03) by 2-sample t-test. The 

average D30 for group 1 was 4032 cGy and for group 2 was 

3392 cGy (p<0.08), and the average D20 for group 1 was 4231 

cGy and for group 2 was 3712 cGy (p<0.11; Table 3). Because 

5 of the patients (3 in group 1 and 2 in group 2) gained weight 

and did not experience any evidence of esophagitis during the 

course of treatment, they were not included in the statistical 

analysis evaluating the dose of RT that could be delivered 

before esophagitis was experienced. Based on the clinical 

records of the remaining 44 patients, all experienced varying 

degrees of esophagitis, but because it was not our approach, 

none were formally scored by the RTOG (Radiation Therapy 

Oncology Group) or CTCAE (Common Terminology Criteria 

for Adverse Events) parameters. Again, our approach was to 

measure weight loss and opiate introduction as an objective 

indicator of esophagitis.

Discussion
The importance of minimizing treatment-related toxicities 

has become a focus of clinical research over the past several 

years. Evidence exists demonstrating that treatment breaks 

or dose reductions impact negatively on outcomes.6 In the 

Table 1 Patient characteristics by amifostine completion

Characteristic Amifostine (+) Amifostine (−) p-value

Mean±SD Mean±SD

Age, years 64.9±7.4 66.3±5.6 0.512
BMI, kg/m2 25.2±4.8 22.4±4.1 0.048a

% (Count) % (Count)
Gender 0.541

Male 41 (13) 29 (5)
Female 59 (19) 71 (12)

Clinical stage 0.331
3a 78 (25) 65 (11)
3b 22 (7) 35 (6)

Smoking history 100 (32) 100 (17) –

Notes: Continuous and categorical variable group comparison via 2-sample t-test 
and Fisher’s exact test, respectively. aStatistically significant at p<0.05. “–” indicates 
no drug was given.
Abbreviation: BMI, body mass index.

Table 2 Weight change and opiate use

Metrics Group 1 Group 2

Median absolute weight change (l bs; range) −4; 6 (+) to 16 (−) −2.5; 2.5 (+) to 14 (−)
Median relative weight change (%; range) −2; 3.4 (+) to 6.8 (−) −1.4; 1.5 (+) to 8.6 (−)
Median radiotherapy dose when opiate prescribed (cGy) 3300 2250

Notes: (+) denotes the absolute and relative weight gain. (−) denotes the absolute and relative weight loss.

Table 3 Results of paired t-test and descriptive statistics of dose by ethyol groups (n=44)

Dose No ethyol (n=15) Ethyol (n=29) t p-value

Mean±SD CIa Mean±SD CIa

D50 1419.6±1619.2 523.0–2316.3 2568.8±1630.6 1948.6–3189.1 −2.22 0.032b

D30 3391.5±1404.8 2613.6–4390.6 4031.5±944.0 3672.4–4390.6 −1.80 0.079
D20 3712.1±1168.6 3064.9–4359.2 4231.3±907.9 3886.0–4576.6 −1.63 0.111

Notes: a95% CI for mean difference. bSignificant at α≤0.05. The dose of radiotherapy that was delivered to 20%, 30%, or 50% of the esophageal volume was classified as 
D20, D30, or D50, respectively. Bold value indicates D50 in group 1 (ethyol given) represents a significant increase in dose to 50% of the esophagus volume at which point 
opiates were used.
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management of lung cancer, and particularly SCLC that 

often presents with bulky hilar and mediastinal nodal disease 

adjacent to the esophagus, efforts have been undertaken to 

minimize RT dose to the esophagus, with either advanced 

conformal avoidance RT techniques7 or reduction in the 

volume of the mediastinum treated.8

Amifostine was introduced into clinical cancer practice 

in the early 1990s, and reproducibly has shown benefit in 

reducing certain toxicities while preserving local tumor 

control and tumor-related survival; its earliest beneficial 

effects were demonstrated in cancers of the head and neck9 

and rectum.10 The American Society of Clinical Oncology 

and National Comprehensive Cancer Network guidelines 

currently support the use of amifostine prior to RT delivery 

in patients with head and neck cancers as a way of reducing 

xerostomia and prior to chemotherapy for ovarian cancer as 

a means to reduce platinum-based nephrotoxicity. However, 

because the number of patients potentially receiving 

chemoradiotherapy for lung cancer is far greater than that 

diagnosed with head and neck and ovarian cancers combined, 

several investigators have evaluated amifostine as a means 

of reducing esophagitis, reducing treatment breaks and dose 

reductions, and improving outcomes.

Several investigators have published work evaluating 

amifostine when patients with non-small cell lung cancer 

(NSCLC) received definitive RT or chemoradiotherapy 

(CMT). In a Greek randomized trial of definitive RT alone 

in 146 patients with stage 2b–4 NSCLC receiving 60 Gy, 

50% of the patients received amifostine 340 mg/m2 intra-

venous (IV) 15 minutes prior to the RT course. Endpoints 

included toxicity and tumor control. The authors observed 

a significant reduction in esophagitis beginning in the third 

week of RT, which continued until 2 weeks following all 

treatment delivery in those patients receiving amifostine. 

A reduction was also seen in acute pulmonary toxicity 

starting in the fifth week of treatment. There was no wors-

ening in terms of overall or progression-free survival in 

the amifostine arm.11

In a second randomized trial from MD Anderson, 60 

patients with stage 2a–3b NSCLC were randomized to 500 

mg IV amifostine twice weekly or placebo prior to CMT. 

The chemotherapy consisted of oral VP-16 and infusional 

cisplatin. The RT was delivered twice daily 1.2 Gy to a total 

dose of 69.6 Gy. With a median follow-up of 6 months, 

there was a reduction in opiate requirement (7% vs 31%) 

and less pneumonitis (4% vs 27%) in the amifostine arm. 

No significant difference in tumor response rates was seen. 

A significant number of patients receiving amifostine (70%) 

experienced hypotension, as defined as a 20 mm Hg decrease 

from baseline.12

In the largest study to date evaluating amifostine 

as a potential protective agent, the RTOG enrolled 243 

patients with stage 2–3b NSCLC receiving concurrent 

chemoradiotherapy. The randomization was between pla-

cebo and IV amifostine 500 mg 4 times weekly. After a 

median follow-up of nearly 8 years, there was no difference 

in overall survival between groups nor was there a benefit 

in terms of esophagitis or pneumonitis. The amifostine 

group experienced greater acute toxicities including nausea, 

emesis, and hypotension. Criticisms of the study were that 

there was less weight loss and a lower incidence of swal-

lowing symptoms reported by patients in the amifostine 

arm, but the health care personnel did not report a lower 

incidence of esophagitis.13

In total, the amifostine experience with chemoradio-

therapy and NSCLC has been compelling; that is, several of 

these studies have clearly demonstrated a protective benefit 

though the benefit may be underestimated by the competing 

acute toxicity of nausea, emesis, and hypotension often seen 

with the infusional delivery of the drug. More recently, it 

has been suggested that esophagitis is dependent upon the 

volume of the esophagus irradiated.

In an excellent review of the literature addressing risk fac-

tors for the development of esophagitis, concluding that 25% 

of patients receiving concurrent chemoradiotherapy develop 

severe acute esophageal toxicity, the authors indicated that 

there is inconsistency regarding the definition of esophageal 

toxicity, defining the actual volume of the esophagus irradi-

ated, the actual cause of esophageal injury, and whether it 

can be minimized with drug intervention or modification of 

RT dose delivery.14

In our series, we elected to collect objective data regard-

ing esophageal injury (weight loss and opiate use) rather 

than scoring the degree of subjective patient complaints, 

particularly given the discrepancy between patients reported 

swallowing function and that reported by clinicians as seen in 

the RTOG trial.13 We used a standard volume measurement 

of the esophagus by contouring the entire circumference of 

the structure from the thoracic inlet to the gastroesophageal 

junction.

We then calculated the total RT dose delivered to 20%, 

30%, and 50% of the contoured esophagus by a volume 

approach (0.20× esophagus volume in cm3 irradiated for 

the D20 value).

Our definition of what makes amifostine a potential 

esophageal cytoprotectant was less weight loss, less use 
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of opiates during treatment, and/or allowing for a higher 

dose of RT to be delivered before objective measurements 

of esophagitis could be observed. In our series, we did not 

observe less weight loss or less opiate use overall between 

the two groups; however, we did observe that a significantly 

higher RT dose could be delivered to 50% of the esophagus, 

before opiates were prescribed, in the group receiving 

amifostine.

The meta-analysis14 evaluating the esophageal dose–

volume histograms suggested that the D50 was the most 

predictive metric of acute esophageal toxicity; our series was 

corroborative. Importantly, it is notable that the published 

series included in the meta-analysis investigated NSCLC. 

None of the series investigated esophagitis in SCLC.

Given the volume of esophagus typically encompassed 

in the high-dose RT penumbra in SCLC, several studies 

have also evaluated the role of amifostine. In a Phase II trial 

of 34 patients with limited stage SCLC, patients received 

amifostine 340 mg/m2 IV daily before the morning fraction 

of RT. The RT course was 1.5 Gy twice daily to a total dose 

of 45 Gy. Chemotherapy consisted of cisplatin 60 mg/m2 on 

day 1 and etoposide 120 mg/m2 on days 1–3 of each cycle. 

About 30% of the patients experienced hypotension, 32% 

developed nausea and emesis, and 3% a rash. Response rates 

and rates of esophagitis scored as grade 0–4 were not different 

than historic controls. The authors concluded that there was 

no benefit to amifostine administered IV prior to the morning 

RT fraction in patients with SCLC; they characterized this as 

inconsistent with the effect seen with NSCLC.5 It is possible 

that the acute toxicity seen with IV amifostine in this study 

precluded analysis of esophagitis as nearly a third of patients 

had emesis from the drug.

In a Phase I trial investigating sequential and concurrent 

CMT, 15 patients with limited stage SCLC received 

topotecan and paclitaxel for 2 cycles followed by cisplatin 

and etoposide concurrent with 1.2 Gy twice daily starting 

at 48 Gy and escalating to 66 Gy. Pre-RT amifostine was 

delivered subcutaneously at 500 mg. This study demonstrated 

that amifostine provided for dose escalation to 60 Gy before 

dose-limiting esophagitis was observed.15

In a Phase II Korean study, 76 patients with limited stage 

SCLC were treated with 2 cycles of induction cisplatin and 

irinotecan followed by concurrent cisplatin, etoposide, and 

RT 1.5 Gy twice daily to 45 Gy. Patients were randomized to 

either pre-RT subcutaneously amifostine 500 mg or epoetin-

alpha, both delivered 3 times each week. Of the 36 patients 

randomized to receive amifostine, only 21 received the drug 

due to supply shortages. Response rates were similar between 

the 2 arms, but there was no benefit in terms of reduction 

of esophagitis in the amifostine arm. The authors concluded 

that in this intensive chemotherapy regimen, epoetin-alpha 

reduced hematologic toxicity.16

A British trial of 84 patients with limited or extensive 

stage SCLC was randomized to amifostine 740 mg/m2 IV 

prior to chemotherapy alone or placebo. RT was not studied 

in this group. The authors did not demonstrate a protective 

benefit from amifostine, with particular attention paid to 

hematologic effects.17

Based on these reports investigating patients with SCLC 

who received intensive induction chemotherapy followed by 

concurrent chemoradiotherapy, there does not appear to be a 

protective benefit to pre-RT amifostine. However, sequential 

and concurrent CMT has not been an accepted method of 

treating non-metastatic SCLC. Indeed, concurrent CMT with 

the RT initiated along with the first cycle of chemotherapy 

has been considered the optimal therapy.18 It is questionable 

to conclude that amifostine does not reduce esophagitis 

in a treatment regimen that is not considered standard. 

Furthermore, these series of SCLC did not report the volumes 

of the esophagus irradiated and whether amifostine impacted 

on the D50 RT dose.

Conclusion 
Our series represents a contemporary concurrent chemora-

diotherapy approach in patients with stage 3 SCLC. Based 

on level 1 evidence demonstrating an overall survival 

advantage to hyperfractionated RT,19 omitting elective 

nodal irradiation, and using modern doublet chemotherapy, 

our series represents a compelling argument that pre-RT 

amifostine delivered subcutaneously can postpone the 

development of acute esophagitis. These findings represent 

first to our knowledge that evaluating the esophageal D50 

in SCLC provides evidence that subcutaneous amifostine 

postpones the onset of acute esophagitis. These findings 

should be replicated in a prospective controlled study and 

also to determine whether subjective scoring of patient-

reported esophagitis supplements data on weight change 

and opiate introduction.
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