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Abstract
Background: There are limited data from low-  to middle- income countries 
(LMIC) on the incidence, risk factors, treatment outcomes, and antibiotic suscep-
tibility spectrum of aspiration pneumonia (AsP).
Methods: We conducted a post hoc analysis of a randomized control trial in 
which adult patients with locally advanced head and neck cancers had received 
66– 70 Gy of radiation combined with cisplatin 30 mg/m2 weekly for 6– 7 weeks or 
cisplatin at the same dose with nimotuzumab 200 mg once weekly till the comple-
tion of radiation. The following data were extracted and analyzed— the incidence 
of AsP, time to the onset of AsP, risk factors, treatment outcomes of AsP, and its 
impact on progression- free survival (PFS), locoregional control (LRC) rates, and 
overall survival (OS).
Results: Out of 536 patients enrolled in the study, 151 (28.3%, 95% confidence 
interval [CI] 24.5– 2.1) patients developed AsP. The median time to develop AsP 
was 39  days (95% CI 34– 44). Only baseline dysphagia (odds ratio  =  3.76, 95% 
CI 1.05– 13.51, p = 0.042) was associated with a significant risk of development 
of AsP. Among the patients in which pathogenic organism was isolated (69 pa-
tients), gram- negative species was isolated in 63 patients (89%). Cisplatin at 200 
mg/m2 or more was delivered in 312 (81%) patients in the non- AsP cohort versus 
107 (70.9%) patients in AsP cohort (p = 0.014). There was no statistical difference 
in LRC (hazard ratio [HR] = 1.057; 95% CI 0.771– 1.448), PFS (HR = 1.176; 95% CI 
0.89– 1.553), and OS (HR = 1.233; 95% CI 0.939– 1.618) between the two cohorts.
Conclusion: Aspiration pneumonia is a common complication in head and neck 
malignancies and patients with baseline dysphagia are at high risk. Gram- negative 
bacteria are the predominant causative agents. The use of broad- spectrum antibi-
otics results in resolution of symptoms.
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1  |  INTRODUCTION

Head and neck cancer is one of the commonest can-
cers in the Indian subcontinent.1 Most of these patients 
(>80%) present in the locally advanced stage2 and as a 
result, a substantial proportion of these patients receive 
concurrent chemoradiation (CTRT). Acute adverse 
events, especially aspiration pneumonia (AsP) is a wor-
risome complication of CTRT.3 AsP is a common cause 
of morbidity and mortality4– 7 and is probably the most 
important factor contributing to non- cancer and un-
known deaths.8 In a series from a premier tertiary care 
center in India, it was shown that AsP contributed to 60% 
of in- hospital deaths in head and neck cancer patients.4 
In addition, AsP developing during therapy, leads to gaps 
in radiation and concurrent chemotherapy,3 leading to 
poorer oncological outcomes.

The incidence of AsP reported in the literature 
ranges from 5.3% to 46.8%6,7,9– 12 and correlates with the 
incidence of mucositis.13 The potentially lethal nature 
of AsP, with mortality rates of up to 32.5%7 has led to 
the adoption of practices like use of cisplatin in the 
Indian subcontinent which is associated with a lower 
rate of mucositis and neutropenia. Administration of 
weekly cisplatin (30– 40  mg/m2) serves as a better ra-
diosensitizer over other chemotherapeutic agents like 
carboplatin.14 Heterogeneity in its definition, diagnos-
tic modalities, limited data on the pathogenic micro-
biological flora from low-  to middle- income countries 
(LMIC), its impact on cancer- directed treatment and 
oncological outcomes, have led to limited progress 
in the field of AsP occurring during chemoradiation. 
Understanding the microbial flora for AsP may have a 
significant impact on the antibiotic regimens and out-
comes of patients with AsP. To address this lacuna, we 
performed this analysis with the key objectives of es-
timating the incidence, risk factors, antibiotic suscep-
tibility spectrum, treatment outcomes of AsP, and its 
impact on oncology outcomes.

2  |  METHODS

2.1 | Study details

This was a post hoc analysis of a previously published 
randomized control trial of cisplatin and nimotuzumab 
versus cisplatin alone radical CTRT in a locally advanced 
head and neck squamous cell carcinoma.15 The study was 
conducted in patients undergoing concurrent CTRT in 
Solid Tumors Unit 2 of Tata Memorial Centre, Mumbai 
from 2012 to 2018. Adult patients with locally advanced 
head and neck cancers who were fit at baseline for radical 

chemoradiation were included in the study. The decision 
for CTRT was decided in a multidisciplinary tumor board 
after clinical evaluation, laboratory reports including com-
plete blood count, renal function tests, liver function tests, 
electrocardiogram and two- dimensional echocardiogram, 
pure tone audiometry to assess fitness for cisplatin, and 
contrast- enhanced computerized tomography scan image 
of the head, neck, and thorax for staging. All patients un-
derwent speech– swallow, dental, and nutritional assess-
ment prior to the start of therapy. The patients received 
radiotherapy (RT) combined with cisplatin 30  mg/m2 
weekly for 6– 7 weeks or cisplatin at the same dose with ni-
motuzumab 200 mg once weekly till the completion of RT. 
The dose received was between 60– 70 Gy and 1.8– 2 Gy per 
fraction, 5 days a week. Patient received weekly cisplatin 
or weekly cisplatin and nimotuzumab depending on the 
arm. They were assessed weekly during the therapy and 
were followed up at regular intervals till death.

2.2 | Variables

The primary endpoint of the study was progression- free 
survival (PFS). The key secondary endpoints were locore-
gional control (LRC), overall survival (OS), and adverse 
events. The study was approved by the Institutional Ethics 
Committee and was conducted in accordance with the 
ethics guidelines issued by the Declaration of Helsinki 
and good clinical practice guidelines. The study was regis-
tered with the Clinical Trial Registry of India (trial regis-
tration identifier CTRI/2014/09/004980).

2.3 | Data collection

From the database of this randomized control trial, the fol-
lowing data were extracted— demographic details, tumor 
site and staging details, treatment compliance, the inci-
dence of AsP during and after chemoradiation (180 days 
post- completion), time to the onset of AsP from the start 
of chemoradiation, the delays in chemotherapy, and RT 
due to AsP (PFS, LRC rates, and OS).

2.4 | Endpoint definition

Aspiration pneumonia was defined subject to the fulfill-
ment of the following three criteria.3 First, the presence 
of at least two of the following symptoms— fever, cough, 
or breathlessness. Second, the presence of features of 
pneumonia on imaging or clinical examination like crepi-
tations or bronchial breathing. Third, the presence of aspi-
ration suspected either clinically (on history) or on video 
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fluoroscopic imaging. The time to develop AsP was the 
duration between the start of chemoradiation to the di-
agnosis of AsP. The time to resolution was the time from 
diagnosis of AsP to the date of the resolution of clinical 
symptoms which were lasting for >72 h. PFS was defined 
as the duration from the date of randomization to the date 
of progression according to Response Evaluation Criteria 
in Solid Tumors [RECIST], version 1.1. LRC was defined 
as the time between the date of randomization and the 
date of locoregional failure. OS was calculated as the time 
from the date of randomization to the date of death.

2.5 | Statistical analysis

SPSS version 20 and RStudio 3.6.2 were used for analy-
sis. Descriptive statistics were performed. Continuous and 
non- continuous data were compared using Mood’s median 
and Fisher’s exact test, respectively. The crude incidence 
of AsP was estimated with 95% confidence interval (CI) 
calculated using the Agresti– Coull method. The incidence 
of AsP was also estimated using competing risk analysis. 
The median time with 95% CI to the development of AsP, 
time to resolution of the AsP, PFS, LRC, and OS were es-
timated using the Kaplan– Meier method. Brookmeyer 
and Crowley method was used for the construction of the 
95% CI. Univariate analysis of factors predicting the de-
velopment of AsP and affecting its resolution on first- line 
antibiotics was performed using the fisher's test. Binary 
logistic regression analysis was used for multivariate 
analysis and calculation of odds ratio (OR) for the devel-
opment of Asp and its resolution with first- line antibiot-
ics. The log- rank test was used for comparing outcomes 
(PFS, LRC, and OS) between the cohort of patients with 
and without AsP. COX regression analysis was used for 
the calculation of hazard ratio (HR) with Efron’s method 
of tie handling, with non- AsP cohort being considered 
as a reference. The proportional hazard assumption was 
tested prior to performing the COX regression analysis. A 
p value of 0.05 was considered significant.

3  |  RESULTS

3.1 | Incidence

Out of 536 patients enrolled in the study, 151 (28.3%, 95% 
CI 24.5– 32.1) patients developed AsP. The cumulative 
incidence of development of AsP estimated by compet-
ing risk analysis was 27.99% as shown in Figure 1A. The 
median time to develop AsP was 39 days (95% CI 34– 44) 
(Figure 1B). Post 49 days (7 weeks) 47 patients (29.8%, 95% 
CI 22.7– 37.2) developed AsP.

3.2 | Risk factors

The results of univariate analysis of risk factors for the 
development of AsP are shown in Table 1. Association of 
AsP with mucositis and weight loss was checked. The rate 
of Asp was 34% (109, n = 321) in patients with grade 3 or 
above mucositis, as opposed to 19.5% (42, n = 215) in co-
horts without grade 3 or above mucositis (p = 0.000). AsP 
was observed in 33.3% (2, n = 6) of patients who had grade 
3 or above weight loss versus 28.1% (149, n = 530) in those 
without, during chemoradiation (p = 0.676). As adverse 
event data were not available at baseline, these parame-
ters were not included in the regression model. On binary 
logistic regression analysis, only baseline dysphagia (OR 
3.76, 95% CI 1.05– 3.51) was associated with a significant 
risk of development of AsP (Table 1).

3.3 | Presenting features and 
microbiology

Among the 151 patients with AsP, the diagnosis was based 
on clinical criteria in 116 patients (76.8%), radiological cri-
teria in 2 patients (1.3%), and on both criteria in 33 pa-
tients (21.9%). Desaturation with room air was seen in 
16 (10.6%) patients and hypotension was seen in 14 pa-
tients (9.3%). Sputum culture was available in 110 patients 
(72.8%, n  =  151). Among them, a pathogenic organism 
was isolated in 69 patients (45.7%, n = 151). One patho-
genic organism was isolated in 45 patients (29.8%), 2 in 19 
(12.6%) patients, and 3 in 5 (3.3%) patients. Gram- negative 
organisms were seen in 63 (89%, 95% CI 81.9– 96.2) out of 
69 patients. The microbial details with culture sensitivity 
spectrum are shown in Table 2.

3.4 | Treatment details

All 151 patients received first- line antibiotics. Broad- 
spectrum antibiotics were received in 101 patients 
(66.9%) (Table 3). Response to first- line antibiotics was 
seen in 131 patients (80.1%). Most patients were started 
on broad- spectrum antibiotics in first- line setting like 
cefoperazone– sulbactam (45%), amoxycillin– clavulanic 
acid (22.5%), teicoplanin (7.9%), and meropenem (1.3%) 
as shown in Table 3. Combination antibiotics were used 
in 71 (47%) patients at first line and 3 (15%) patients at 
second line. In 20 patients (19.9%) a change in antibiotics 
to second line was required. The most common second- 
line antibiotics used were cefoperazone– sulbactam 
(75%), teicoplanin (15%), meropenem (15%), amikacin 
(5%), and colistin (5%). The median time to recovery 
was 8  days (95% CI 7– 8  days) (Figure  2). The factors 
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F I G U R E  1  (A) Cumulative incidence curve for aspiration pneumonia (AsP). (B) Time to development of aspiration pneumonia among 
151 AsP patients
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predicting hazard of longer recovery are shown in 
Table 4. Intensive care visits were required in five pa-
tients (3.1%) and there were five deaths due to AsP 
(3.1%). These deaths due to AsP were sudden and oc-
curred within 48 h of presentation.

3.5 | Impact on cancer direct therapy

There was no difference in radiation dose received between 
the two cohorts. Planned radiation dose was completed in 
144 (95.4%) patients and 358 (93%) patients in AsP and non- 
AsP cohorts, respectively (p = 0.209). There was a differ-
ence in the cisplatin dose received between the two cohorts. 
A cumulative cisplatin dose of 200 mg/m2 or above was re-
ceived by 312 (81%) patients in the non- AsP cohort versus 
107 (70.9%) patients in AsP cohort, respectively (p = 0.014). 

This was due to a lower number of cisplatin cycles received 
by the AsP cohort. Seven or more cisplatin cycles were re-
ceived by 111 (73.5%) patients in the AsP cohort as opposed 
to 334 (86.8%) patients in the non- AsP cohort (p = 0.000).

3.6 | Impact on cancer outcomes

The oncological outcomes between the two groups 
are shown in Figures  3 and 4. The median PFS was 
39.2 months (95% CI 16.8– NA) versus 56.3 (95% CI 29.7– 
NA) in AsP and non- AsP cohorts, respectively (p = 0.25). 
The HR for progression was 1.176 (95% CI 0.89– 1.553). 
The median time to locoregional failure was 60.3 months 
(95% CI 39.2– NA) versus not reached (95% CI 56.3– NA) in 
AsP and non- AsP cohorts, respectively (p = 0.73). The HR 
for locoregional failure was 1.057 (95% CI 0.771– 1.448). 

T A B L E  1  Risk factors associated with the development of aspiration pneumonia

Variable
Aspiration pneumonia 
cohort

No aspiration 
pneumonia cohort p value Odds ratio (95% CI)

p value on 
multivariate

Age, no. (%)

Elderly (n = 159) 44 (27.7) 115 (72.3) 0.916 0.98 (0.64– 1.5) 0.917

Non- elderly (n = 377) 107 (28.4) 270 (71.6) Reference

Gender, no. (%)

Male (n = 457) 126 (27.6) 331 (72.4) 0.498 Reference 0.672

Female (n = 79) 25 (31.6) 54 (68.4) 1.12 (0.65– 2)

Site, no. (%)

Oropharynx (n = 269) 73 (27.1) 196 (72.9) 0.114 Reference 0.444

Larynx (n = 155) 38 (24.5) 117 (75.5) 1.1 (0.64– 1.74) 0.841

Hypopharynx (n = 109) 40 (36.7) 69 (63.3) 1.5 (0.9– 2.4) 0.111

Oral cavity (n = 3) — 3 (100) 0 0.999

Stage, no. (%)

III (n = 167) 39 (23.4) 128 (76.6) 0.098 0.69 (0.43– 1.1) 0.115

IV (n = 369) 112 (30.4) 257 (69.6) Reference

Alcohol use, no. (%)

Yes (n = 132) 35 (26.5) 97 (73.5) 0.657 Reference 0.815

No (n = 404) 116 (28.7) 288 (71.3) 1.06 (0.66– 1.68)

Pretreatment dysphagia, no(%)

Grade 0– 2 144 (27.4) 381 (72.6) 0.014 Reference 0.042

Grade 3– 4 7 (63.6) 4 (36.4) 3.76 (1.05– 13.51)

Treatment, no. (%)

CRT 68 (25.4) 200 (74.6) 0.179 0.81 (0.55– 1.19) 0.283

NCRT 83 (31) 185 (69) Reference

Pretreatment serum albumin, no. (%)

≥3.5 g/dl 144 (27.7) 376 (72.3) 0.166 Reference 0.379

<3.5 g/dl 7 (43.8) 9 (56.2) 1.61 (0.56– 4.61)

The percentages provided are calculated with sample size of each row.
CI, confidence interval; CRT, chemoradiation; NCRT, nimotuzumab and chemoradiation.
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The median OS in the cohort of patients with AsP was 
35.9 months (95% CI 26.3– 60.3) while it was 47.1 months 
(95% CI 32.1– NA) (p = 0.13) in non- AsP cohort. The HR 
for death was 1.233 (95% CI 0.939– 1.618).

4  |  DISCUSSION

Aspiration pneumonia can occur during any time post 
start of therapy in head and neck cancer. In this study, 
we focused on acute pneumonia which occurred within 
180 days of completion of chemoradiation. This, to our 
knowledge, is the first comprehensive data on acute 
AsP in head and neck cancer patients undergoing CTRT 
from an LMIC. The audit revealed some interesting and 
clinically useful data. The incidence of AsP was 28.3%. 
The incidence of acute AsP within 1 year of treatment, 
in retrospective series, is between 5.3% and 15.8%.7,11,12 
Our incidence of AsP seems higher than that reported 
in these series. The reason could be that all patients in 
this study had undergone video fluoroscopic examina-
tion and those with known aspiration were watched 
closely for the development of pneumonia, thus lead-
ing to better detection. Higher detection of rate of AsP 

T A B L E  3  Table depicting the antibiotic usage pattern

Variable Value (%)

First- line antibiotics (n = 151)
Cefoperazone– sulbactam 68 (45)
Amoxycillin– clavulanic acid 34 (22.5)
Azithromycin 8 (5.3)
Ceftriaxone 9 (6.0)
Cefuroxime 7 (4.6)
Levofloxacin 53 (35.1)
Ciprofloxacin 20 (13.2)
Linezolid 4 (2.6)
Clindamycin 5 (3.3)
Teicoplanin 12 (7.9)
Meropenem 2 (1.3)

Subsequent antibiotics (n = 20)
Cefoperazone– sulbactam 15 (75)
Amikacin 1 (5)
Teicoplanin 3 (15)
Colistin 1 (5)
Meropenem 3 (15)

The % value for first- line antibiotics is calculated with n = 151 while for 
the second line using n = 20. The percentages does not add up to 100 as 
combination antibiotics were used in 71 (47%) patients at first line and 3 
(15%) patients at second line.

F I G U R E  2  Figure depicting time 
to resolution of symptoms of aspiration 
pneumonia,
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is possible if patients are prospectively observed for the 
development of features of pneumonia. In a phase 3 
randomized study evaluating the impact of prophylactic 

antibiotics on the development of AsP, the incidence 
of AsP observed was 46.8%6 showing that it was not 
uncommon.

T A B L E  4  Table showing factors affecting the resolution of symptoms on first- line antibiotics

Variable Variable division
Recovery on first- line 
antibiotic number (%) Odds ratio p value

Age Elderly (n = 44) 40 (90.9) Reference 0.653

Non- elderly (n = 107) 91 (85) 0.755 (0.221– 2.574)

Diabetes mellitus Present (n = 11) 10 (90.9) Reference 0.349

Absent (n = 140) 121 (86.4) 0.324 (0.031– 3.428)

Severity of pneumonia Severe (n = 27) 19 (70.4) Reference 0.004

Non- severe (n = 124) 112 (90.3) 5.433 (1.725– 17.11)

Use of broad- spectrum antibiotics No (n = 50) 38 (76) Reference 0.006

Yes (n = 101) 93 (92.1) 4.329 (1.524– 12.346)

F I G U R E  3  Figure depicting the impact of aspiration pneumonia on progression- free survival
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Risk factors for AsP are female gender, pretreatment 
dysphagia, hypopharyngeal primary, advanced stage, and 
use of alcohol and baseline serum albumin.3,13,16,17 Most 
of these risk factors either predispose to aspiration or are 
associated with poor dental hygiene or malnourishment. 
Hence we tested for these factors. However, in our large 
series, only pretreatment dysphagia grade 3– 4 was an 
independent risk factor with >3 times the odds of devel-
oping AsP (Table 1). Factors related to malnutrition and 
poor dental hygiene did not have an impact on AsP in 
our series. This highlights the importance of the baseline 
supportive care and corrective measures provided by the 
speech– swallowing expert, dentist, and the nutritionist 
which probably negated the impact of these features.

Patients were assessed weekly during chemoradiation. 
However, in spite of weekly assessments, nearly 10% of 
patients presented with either hypotension and /or desat-
uration highlighting the sudden and aggressive nature of 
this complication. Hence, prompt attention to the assess-
ment of aspiration and symptoms of pneumonia during 
a weekly review during chemoradiation is critical. The 
median time to develop AsP was 39  days that is 5– 6th 

week. This is the time when most patients have grade 3 
and above mucositis, making them vulnerable to aspira-
tion. Hence, assessing patients with severe mucositis for 
the features of aspiration is essential. Nearly one third 
patients develop AsP after completion of chemoradiation 
that is after 7 weeks. So, prior to discharge, it is import-
ant to assess the swallowing function and keep patients 
having aspiration under close surveillance. Furthermore, 
those with baseline dysphagia need to be educated about 
the signs and symptoms of AsP and the importance of im-
mediate treatment.

In 45% of patients, a pathogen was isolated, with 14.6% 
of patients having more than one pathogen identified. The 
spectrum of pathogens was mainly gram- negative organ-
isms (>80%) with resistance to penicillins (Table 2). The 
type of organisms and the resistant patterns suggest that 
broad- spectrum antibiotic coverage inclusive of gram- 
negative bacteria coverage should be considered in these 
patients. In our analysis, the use of broad- spectrum antibi-
otics was associated with a higher resolution rate (Table 4) 
underlining the importance to have an institutional an-
tibiotic policy in patients undergoing chemoradiation 

F I G U R E  4  Figure depicting the impact of aspiration pneumonia on overall survival
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especially those at risk of AsP. These data differs signifi-
cantly with AsP data from high- income countries where 
gram- positive bacteria (>60%) would be the predominant 
causative agent.18,19 AsP- related mortality was seen in 
only 3.3% of patients in the current series, which is much 
lower than that reported in retrospective series (30%).7,12 
Mortality similar to ours was reported in the European 
randomized study evaluating the role of prophylactic 
antibiotics in AsP.6 Early anticipation in at- risk patients 
and prompt antibiotic therapy can substantially decrease 
mortality.

There was a trend toward inferior outcome in AsP co-
hort but it was not statistically significant. The impact on 
the development of AsP on treatment outcomes seen in 
our series is not in line with the results of some retrospec-
tive series.3,7,10,20 The reason was probably due to imme-
diate and prompt initiation of broad spectrum antibiotics 
as soon as aspiration pneumonia was suspected in our pa-
tients. The clinicians involved in the study did not halt radi-
ation due to AsP unless the patient was unstable. However, 
concurrent systemic therapy was withheld in few patients 
till recovery of symptoms as per the severity of pneumonia.

The data in the study were from a single center. This 
may question the generalizability of the data across 
other LMICs. However, the study was conducted in Tata 
Memorial Centre which sees around >10,000 new cases of 
head and neck cancer per year.21 These are contributed by 
multiple states in and around the city of Mumbai. The geo-
graphical size of many of these states is larger than most 
nations in Europe, thus suggesting that the data are gen-
eralizable. We have not performed axial imaging in most 
of the patients. This actually helps to provide pragmatic 
data that can be applied across most LMICs, where a chest 
x- ray alone is routinely performed. We have restricted our 
analysis to acute AsP as we aimed to understand the im-
portance of this adverse event during, and immediately 
after chemoradiation.

The strength of the this study is that this is probably 
the first study on Asp from an LMIC providing substantial 
detailed data on incidence, treatment, and its impact on 
oncological outcomes. The data of AsP were prospectively 
collected. The cases were labeled as AsP based on strict 
criteria and sputum cultures were performed in >70% of 
patients with pathogens identified in 61.8% of patients in 
whom culture was performed.

5  |  CONCLUSION

Aspiration pneumonia is a common adverse event in head 
and neck cancer management and patients with base-
line dysphagia are at high risk. Gram negative bacteria 
are the predominant causative agents in LMIC. The use 

of broad- spectrum antibiotics as the first line is likely to 
result in resolution of symptoms and recovery. Aggressive 
management of AsP is associated with low mortality and 
minimal impact on treatment outcomes.
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