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abstract
aim: Toxicities are a common side effect of systemic therapy delivered to treat lung cancer. In this study, we have applied a cancer- 
specific toxicity coding framework and national-level data to describe the number and types of severe acute toxicities experienced by 
patients receiving systemic therapy for lung cancer in New Zealand.
methods: Participants included all New Zealanders diagnosed with lung cancer between 2012 and 2019 on the New Zealand Cancer 
Registry (NZCR; N=18,081). NZCR data were linked to a national pharmaceutical dataset to identify receipt of systemic therapy and then 
to inpatient hospitalisation data to identify toxicities following this treatment. A cancer-specific toxicity coding framework was used to 
define toxicities. Descriptive analysis and regression modelling were used to describe the toxicity profile of those undergoing systemic 
therapy for lung cancer, by tumour type.
results: Using our framework and the available data, we observed that four in every five lung cancer patients receiving systemic  
therapy experience some toxicity during treatment. Around half of our cohort were diagnosed with an infection of some kind, most 
commonly lung infection. Other common toxicities included constipation, hypotension, cardiac arrhythmia, anaemia, neutropenia 
and sepsis. Those with small cell lung cancer were more likely to be diagnosed with neutropenia, sepsis and electrolyte disturbances 
than those with other tumour types. 
conclusion: We observed a significant toxicity burden using administrative health records and a cancer-specific toxicity coding  
framework. With the caveats identified and discussed throughout this paper, this system can be used to identify and better understand 
this burden in other cancer contexts.

Toxicities are common among those receiving  
systemic therapy as part of cancer treatment.1,2  
Toxicities are varied and can affect any body  

system, including fatigue, nausea, vomiting, rashes, 
diarrhoea, constipation, mucositis and venous 
thromboembolism, and myelosuppression includ-
ing neutropenia, thrombocytopenia and anaemia.1  
While most adverse events are managed in the 
community, more serious cases will require acute 
hospital admission or even lead to death.3,4 Best 
practice is to grade toxicity severity using the 
Common Terminology Criteria for Adverse Events 
(CTAE), with more serious toxicities graded 3–5. 

Toxicities associated with systemic therapy 
affect a patient’s quality of life and physical health 
and may affect an individual’s ability to complete  
treatment.5,6 Several studies have shown that 
patients experiencing severe adverse effects have 
a higher risk of treatment interruption, discontin-

uation and mortality.7–9 To help guide treatment 
decisions, it is important that both the clinician  
and patient understand toxicity associated with 
cancer therapies. Better understanding of side 
effects and ability to predict severe toxicity  
requiring hospital-level treatment is also vital 
in building an accurate picture of the resources 
required in the management of cancers.2,10

Despite this, there is little population-level  
evidence on the rates of toxicity following systemic  
therapy for those diagnosed with cancer. To date, 
most of the data available on toxicity of systemic 
therapy are derived from clinical trials;11,12 however,  
these can be limited in their applicability to real-
world clinical practice.2 The tendency for trials to 
exclude older people or those with comorbidity—
both groups at higher risk of toxicity—means that 
toxicity in clinical trials may not represent the 
expected profile in the general population.13
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Lung cancer is the most frequently diagnosed 
cancer and the leading cause of cancer deaths 
worldwide.14 The current management of lung 
cancer is rapidly changing, but includes a combi-
nation of surgery, radiation therapy and systemic 
therapies such as chemotherapy, immunotherapy  
and targeted therapy.15,16 Treatment-modality  
decisions are based on a number of factors  
including type of lung cancer (i.e., small cell vs 
non-small cell), stage at diagnosis, comorbidities 
and fitness for therapy, including performance 
status. As early disease is often asymptomatic, 
most cases of lung cancer are advanced stage at 
diagnosis.17 Patients with lung cancer also tend to 
have high levels of comorbidity and poor baseline 
health at diagnosis.18 Due to these factors, patients 
with lung cancer are often not suitable for surgical  
management, and systemic and radiation therapies  
are a common form of treatment for disease control  
and palliation of symptoms.19 

There is limited information about the types 
and rates of real-life toxicity among those treated 
for lung cancer outside of randomised controlled 
trials (RCTs). The under-representation of elderly 
and more comorbid groups in RCTs also means 
we have limited information on toxicity in these 
groups, despite knowing the disproportionate rates  
of comorbidity in patients with lung cancer.20,21  
One of the primary reasons we have limited  
information on toxicity among those with 
lung cancer is the lack of available national- 
level toxicity data. To that end, researchers in 
the universal healthcare context of the United  
Kingdom have developed a cancer-specific toxicity  
coding framework,22 using similar national-level 
administrative data to that collected in New Zea-
land. This framework may provide an opportunity 
to measure and report on toxicities experienced 
by those treated for lung cancer in New Zealand. 

As such, the objective of this study was to use 
national-level hospitalisation data to describe the 
number and types of severe acute toxicities expe-
rienced by patients receiving systemic therapy 
for lung cancer in New Zealand, using the cancer- 
specific toxicity coding framework developed by 
Boyle et al.22 Our aim was to use this framework 
to gain an understanding of different types of 
severe toxicity within New Zealanders receiving 
systemic therapy for lung cancer. 

Methods
Participants and data sources

We identified all lung cancer registrations 

(International Statistical Classification of Diseases  
and Related Health Problems, 10th Revision, 
Australian Modification [ICD-10-AM] codes: 
C33–C34) from 2012 to 2019 as listed on the New  
Zealand Cancer Registry (NZCR; N=18,081). This 
study period is prior to the introduction of publicly  
funded immunotherapy for lung cancer, so will 
primarily capture toxicities following other forms 
of systemic therapy. The NZCR is a mandatory 
record of all malignant cancers diagnosed in New 
Zealand except basal and squamous cell skin 
tumours.23 This NZCR cohort were then linked via 
encrypted National Health Index number (NHI) to 
national health data, including public and private 
hospital inpatient records (National Minimum 
Dataset, NMDS); the national Pharmaceutical  
Collection (PHARMS); the Radiation Oncology  
Collection (ROC), which is a national collection of 
radiation therapy attendances; and the Mortality 
Collection (death registrations). We also linked 
NHI data to primary health organisation (PHO, 
primary care enrolments) data and National Non- 
Admitted Patient Collection (NNPAC, outpatient 
and emergency department attendances) data; 
these together with Mortality and NMDS data were 
used to supplement demographic information  
where NZCR records were incomplete. For example,  
domicile code was derived from the NZCR, except 
for 27 registrations with non-specific domicile 
codes (either “overseas” or a district health board 
area) where domicile information was sourced 
from other national collections datasets. 

Once this cohort was linked to health data, we 
identified those who accessed systemic therapy 
with the PHARMS dataset using relevant chemical  
codes identified by our clinical advisors, with 
these codes listed elsewhere.24 This list of codes 
was used to scan the PHARMS data for instances 
of systemic therapy receipt in the 90 days prior 
to cancer diagnosis (to allow for some therapy 
to have occurred prior to the diagnosis date that 
was recorded on the cancer registry) and up to 
2 years post–cancer diagnosis (to allow for the  
commencement and completion of at least one 
course of systemic therapy). Those who did not 
access funded systemic therapy over this time 
period were excluded from further analysis; for 
this reason, immunotherapy was not included, 
since no immunotherapies were publicly funded 
over our study period. 

Identifying severe acute toxicities
We used the coding framework developed 

by Boyle et al.22 to define severe acute toxicity  



New Zealand Medical Journal 
Te ara tika o te hauora hapori

2026 Sep 25; 139(1642). ISSN 1175-8716
https://www.nzmj.org.nz/ ©PMA 

article 123

following treatment with systemic therapy. This 
framework uses diagnostic codes with hospi-
talisation (NMDS) data to define the presence 
of a severe acute toxicity. Every ICD code in the 
Boyle framework was checked against the codes 
available in the ICD-10-AM (2nd edition) coding 
available for the current study to ensure correct 
mapping, with some minor modifications made 
following this review (Appendix Table 1). 

Categories of toxicity were directly derived from 
the framework and included gastrointestinal and 
liver injury, infection, cardiovascular, metabolic/
endocrine, constitutional (e.g., fatigue), renal, 
haematological, pain, respiratory, neurological,  
line complications, psychological, bleeding, der-
matology/rheumatology, ophthalmic and drug 
reaction. Unlike Boyle et al.,22 we purposefully did 
not include death as a toxicity within the current 
study, as death within 1 year of treatment onset 
will be a common outcome for this cohort, and we 
could not, with the available data, discern whether 
any deaths were attributable to systemic therapy 
toxicity, disease progression or other causes. In 
line with the framework presented by Boyle et 
al.,22 some conditions that have common causes 
other than treatment with systemic therapy 
(e.g., anaemia, heart failure) were only counted 
as a treatment-related toxicity if they had not 
occurred in the 12-month period prior to the onset 
of systemic therapy. To take into account potential  
systematic differences in admission criteria 
between regions, we included diagnostic codes 
for all inpatient stays, regardless of duration.  
This deviates from the criteria used by Boyle et 
al.,22 where only overnight stays or longer were 
included. 

To set the time period within which we would 
scan for evidence of toxicity-related admissions, 
we set the date of the first systemic therapy  
dispensed to each patient as their index “start 
date”. We then scanned forward for up to 1 year 
after this start date and set the “end date” as the 
date of the last systemic therapy dispensing plus 8 
weeks, as per the Boyle et al. framework,22 to allow 
for the occurrence of toxicities after delivery  
of the last systemic therapy. The resulting start 
and end dates defined the “toxicity period” for a 
given patient (i.e., it was possible for patients to 
have a larger or smaller toxicity period depending  
on the time between their first and last systemic 
therapy dates). If a given toxicity occurred during 
the toxicity period, a binary flag (yes/no) was set 
to indicate whether a patient experienced that 
toxicity. 

Demographic variables 
Age at lung cancer diagnosis was derived from 

the NZCR and categorised as <50, 50–64, 65–74 
and 75+ years. No cases were missing data on age. 
Prioritised ethnicity was derived from the NZCR 
or supplementary sources (as outlined above) and 
categorised into Māori, Pacific, Asian, European  
or Other. No cases were missing data on ethnicity.  
Area-level socio-economic deprivation was 
defined using the New Zealand Index of Depriva-
tion (NZDep)25 and categorised into five quintile  
categories (NZDep 1 [least deprived], 2, 3, 4, 5 
[most deprived]). Missing data prevented the  
attribution of NZDep quintile for 80 diagnoses  
(0.3% of cohort). Rurality was defined using the 
Geographic Classification for Health (GCH), based 
on domicile code,26 and categorised as either urban 
or rural. Missing data prevented the attribution 
of rurality for 195 diagnoses (0.7% of cohort). 
Comorbidity at diagnosis was defined using the 
C3 cancer comorbidity index27 and categorised 
as 0 (score ≤0), 1 (>0, ≤1), 2 (>1, ≤2) and 3 (>2). If 
no recorded comorbidity was found over the 
5-year period prior to diagnosis, individuals were  
assigned a score of 0. The C3 index was used as a 
categorical variable for descriptive analysis and 
as a splined variable for marginal standardisation 
using restricted cubic splines with three knots 
placed at the 75th, 90th and 95th percentiles.28  
No participants were missing comorbidity status.

Tumour variables 
Tumour type was defined using morphology  

data from the NZCR and classified as either 
small cell lung cancer (SCLC), non-small cell lung  
cancer (NSCLC), or “other/unspecified”.29 Our ana- 
lysis focusses on SCLC and NSCLC tumours. No  
participants were missing data on tumour type, 
noting the lack of specific detail within the “other/
unspecified” group. Stage of disease was extracted 
from the NZCR using the SEER Summary Stage 
method (A to F),30 which was further aggregated 
into Local (SEER Summary Stage B), Regional (C and 
D), Advanced (E) and Unstaged (F). For lung cancer, 
SEER Stage is categorised as follows: “Local” refers 
to a single tumour confined to one lung; “Regional” 
refers to extension to nearby structures or lymph 
nodes; “Advanced” refers to distant metastasis or 
involvement of distant lymph nodes.30 SEER Stage 
was used due to the incomplete nature of TNM 
(tumour, node and metastasis) stage reporting on the 
NZCR (as a non-mandatory field). “Unstaged” was 
treated as a meaningful stage category, and as such, 
no participants were missing stage information.
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Controlling for other treatment
In order to control for the fact that patients 

may have been undergoing treatment(s) other 
than systemic therapy, and therefore that certain  
toxicities may be related to these other treatments  
rather than systemic therapy, we collected data 
on receipt of surgery and receipt of radiation 
therapy within our cohort. Receipt of surgery 
was defined using public and private hospital-
isation (NMDS) data, with relevant curative and 
palliative procedures (as identified by our clinical 
advisors24) extracted using Australasian College 
of Health Informatics (ACHI) ICD-10-AM codes 
(2nd edition). We set a binary indicator (yes/no) 
if one of the included surgeries occurred during 
the toxicity “window” outlined above, with an 
additional 90-day look-back period added prior to 
onset of systemic therapy, to allow for those cases 
where surgery was completed prior to onset of 
(adjuvant) systemic therapy. Receipt of radiation  
therapy was derived by scanning ROC data for 
receipt of radiation therapy and was set as a 
binary indicator (yes/no) if one of the radiation 
therapies occurred during the same “window” 
as for surgery. These two variables were used to 
define a further treatment combination variable, 
which was subsequently used to adjust within our 
marginal standardisation modelling (see Statis-
tical analysis section below) for whether a given 
patient received systemic therapy only, systemic 
therapy plus surgery, systemic therapy plus  
radiation therapy, or a combination of all three. 

Statistical analysis
Descriptive analysis

We completed crude, age-standardised and 
marginally standardised descriptive analyses to 
describe the number and percentages of cases 
within the cohort who experienced each of the 
toxicities across the total cohort, total cohort strat-
ified by tumour type, and total cohort stratified 
by ethnicity. For percentages, the numerator was 
the number of cases who experienced the toxicity 
within the toxicity period, while the denominator 
was the total number of diagnosed cases within the 
cohort (or within a sub-group, e.g., tumour type 
or ethnicity). We determined crude numbers of 
cases and percentages using standard descriptive  
analysis. Age-standardised percentages were  
calculated through direct age standardisation 
using the PROC STDRATE procedure in SAS version  
9.4 (SAS Institute Inc., North Carolina, United 
States of America [USA]), with the total Māori lung 
cancer population as the standard population. 

We used a Māori standard to normalise the age  
structure of the Māori population within our 
study.31 Within our results presentation, age- 
standardised percentages are labelled as “age 
adjusted %”. 

Marginal standardisation 
To control for potential confounding by factors 

such as comorbidity, stage and other treatment 
on the occurrence of a given toxicity, we used  
marginal standardisation to produce percentages 
adjusted for such covariates. These represent 
(based on re-expression from a logistic regression  
model) the expected toxicity profile from each 
of the compared groups if those groups had the 
same profile on the confounder variables. This 
marginal standardisation was calculated from 
logistic regression models of the outcomes (i.e.,  
occurrence of a given toxicity) using the margins  
macro in SAS, with the total Māori lung cancer  
covariate profile as the reference. Variables 
included in the model were age, gender, ethnicity, 
deprivation, rurality, comorbidity, stage, tumour 
type and treatment combination. Tumour type 
and ethnicity were removed from their respective  
models when stratifying by these variables within 
our analysis. The rcspline macro was used to 
include the C3 comorbidity score as a splined  
variable within the marginal standardisation.32 
Individuals missing data on deprivation or rurality  
were excluded from the marginal standardisa-
tion models (195 cases; 0.7% of cohort). Data were 
complete for all other variables included in the 
models.

Within our results presentation, marginally  
adjusted percentages are labelled as “fully 
adjusted”, which means that the proportion is 
adjusted for all modelled variables. For example, 
when comparing toxicity proportions between 
tumour-type groups, the fully adjusted proportion  
is adjusted for potential differences between these 
groups in age, gender, ethnicity, deprivation, 
rurality, comorbidity, stage of disease, tumour 
type and the combination of treatment that they 
received.

Analysis was completed using SAS version 9.4 
(SAS Institute Inc., North Carolina, USA) and Mic-
rosoft Excel (Microsoft Corporation, Washington, 
USA). 

Results
Cohort characteristics

A total of 5,098 patients received systemic therapy  
over the study period and were included in our  
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analysis, and Table 1 describes their characteristics.  
The majority (71%) of patients were diagnosed 
with NSCLC, and the remainder had SCLC (26%) 
or other/unspecified (3%) tumour types. A total of 
99 (2%) had local disease at diagnosis; 1,115 (22%) 
regional disease; 2,508 (49%) advanced disease;  
and 1,376 unstaged disease (27%), according to the 
cancer registry. Of those who received systemic 
therapy, 4,449 (87%) received chemotherapy and 
812 (16%) received targeted therapy, with some 
patients in this cohort receiving both. Patients 
received either systemic therapy alone (59%), a 
combination of systemic therapy and radiation 
(38%), systemic therapy and surgery (2%) or a 
combination of all three treatment modalities 
(1%).

There was a relatively even split of females 
(52%) and males (48%) in our cohort, with the 
majority of patients aged between 65–74 (40%) 
and 50–64 (39%), with fewer patients in the older 
(75+) age groups (14%) and younger (<50-year-old) 
age groups (7%). Patients of European ethnicity  
made up 63% of the cohort, followed by Māori 
(25%), Asian (7%), Pacific (5%) and other (1%)  
ethnicities. A third of the cohort (31%) lived in the 
most deprived deciles (NZDep 9–10). A majority of 
patients (75%) resided in urban centres, with the 
remaining 25% residing in rural areas. In terms of 
comorbidity, 55% of patients had a C3 score of ≤0, 
16% 0–1, 15% 1–2, and 14% >2 (Table 1). 

Toxicity following systemic therapy in the 
total cohort

Of the 5,098 patients with lung cancer who 
received systemic therapy over the study period, 
about four in five (78% crude, 82% fully adjusted) 
experienced some toxicity (Table 2). Of all 17  
toxicity categories, infections were the most  
common, with approximately half (47% crude, 55% 
fully adjusted) of the cohort having experienced  
some type of infection. The most common type of 
infections were lung infections (32% crude, 40% 
fully adjusted). Gastrointestinal (37% crude/fully 
adjusted), cardiovascular (34% crude, 39% fully 
adjusted), haematological (29% crude, 32% fully 
adjusted) and constitutional (26% crude, 29% fully 
adjusted) toxicities were the next most common. 

Constipation was the most common gastroin-
testinal toxicity, with a fifth (21% fully adjusted) of 
the total cohort having experienced constipation 
following systemic therapy. The most common 
cardiovascular toxicity was hypotension (13% 
crude, 17% fully adjusted), followed by arrhythmia  
(13% crude, 16% fully adjusted). One fifth of 

the cohort developed anaemia (20% crude/fully 
adjusted) during the toxicity period, and around 
15% (13% crude, 16% fully adjusted) developed 
neutropenia. 

Toxicities by tumour type
The rates of toxicity were broadly similar for 

SCLC (82% crude, 84% fully adjusted) compared 
to NSCLC (76% crude, 81% fully adjusted; Table 3). 
Lung infection remained the most common toxicity  
across all tumour types, followed by electrolyte  
disturbances and fluid balance changes. Notable  
differences in toxicity patterns between tumour-
type groups included the occurrence of neutropenia,  
which was almost twice as common among those 
with SCLC (crude 22%, fully adjusted 24%) compared  
to NSCLC (crude 10%, fully adjusted 12%). Sepsis 
was also more common among SCLC (crude 13%, 
fully adjusted 14%) compared to NSCLC (crude 8%, 
fully adjusted 9%), as was electrolyte disturbance  
(SCLC: crude 28%, fully adjusted 29%; NSCLC: 
crude 19%, fully adjusted 23%). 

Discussion 
Application of the cancer-specific toxicity 
coding framework in New Zealand

This is the first time, to our knowledge, that  
hospitalisation data have been used to report on 
rates of toxicity following systemic therapy for lung 
cancer and for any type-F cancer in New Zealand. A 
key limitation is the reliance on accurate reporting  
and coding of diagnoses in hospitalisation data, 
since these data form the basis of the coding 
framework employed here. Related to this, it is  
important to note the distinction between toxicities  
that drive an admission to hospital and toxicities 
recorded during an admission; the current study 
reports the latter, and as such we cannot be certain  
that a toxicity was severe enough to warrant 
hospitalisation. 

The commonality of some toxicities occasionally  
differed from what might have been expected. For 
example, the percentage of cases experiencing  
symptoms such as fatigue and cachexia were 
lower than expected based on clinical experience;  
this likely represents a limitation in our study 
design which only aimed to capture toxicity leading  
to hospital admission. By only evaluating the “tip of 
the iceberg” of serious toxicities (CTAE grade 3–5) 
leading to admission, we are limited by not knowing  
the rates and distribution of toxicity being managed  
in the community. In this way, our study may be 
biased toward capturing higher-grade toxicities. 
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Table 1: Characteristics of those diagnosed with lung cancer between 2007 and 2019 who subsequently received 
systemic therapy.

 
Total 

N %

Total receiving systemic therapy 5,098 -

Chemotherapy 4,448 87%

Targeted therapy 812 16%

Sex

Female 2,652 52%

Male 2,446 48%

Age (years)

<50 365 7%

50-64 2,006 39%

65-74 2,034 40%

75+ 693 14%

Ethnicity (prioritised)

Māori 1,276 25%

European 3,188 63%

Pacific 265 5%

Asian 340 7%

Other 29 1%

Deprivation (NZDep decile)

1–2 (least deprived) 673 13%

3–4 763 15%

5–6 974 19%

7–8 1,124 22%

9–10 (most deprived) 1,562 31%

Missing 2 0%

Rurality (GCH Category)

Urban 3,811 75%

Rural 1,285 25%

Missing 2 0%

Comorbidity (C3 index score)

≤0 2,736 54%

0-1 808 16%

1-2 820 16%

>2 734 14%



New Zealand Medical Journal 
Te ara tika o te hauora hapori

2026 Sep 25; 139(1642). ISSN 1175-8716
https://www.nzmj.org.nz/ ©PMA 

article 127

Further studies evaluating primary care data and 
self-reported toxicity would be useful to enhance 
our understanding of lower grade toxicities and 
would provide a broader view of adverse effects 
experienced in the community. Qualitative (inter-
view) work to further describe the experience  
of toxicity among those with lung cancer in the real 
world would be of immense value and provide  
a richness to the data reported here. 

Commonality of toxicity identified with 
the framework 

Using the cancer-specific coding framework, 
we observed that toxicity is a common occurrence  
among those receiving systemic therapy for 
lung cancer, with 82% experiencing a hospital- 
diagnosed toxicity following onset of treatment. 
The most common toxicity experienced over this 
time was infection, with lung infections being 
the most common toxicity across tumour types 
and ethnic groups. This likely reflects a number 
of key underlying factors. Firstly, lung cancer has 

a high incidence of underlying airway and lung 
disease, often related to higher rates of smoking,  
which increases underlying risk of infection.  
Secondly, protective mechanisms against infection  
are also affected by the presence of cancer itself, 
as well as by immunocompromise secondary to  
systemic therapy, making serious infections leading  
to admission more likely. Lastly, it is possible that 
when a fever is without a known origin of infection,  
respiratory symptoms due to lung cancer could be 
classified as a lung infection. 

We also noted a number of other toxicities that 
were common among our cohort which would 
likely have a major impact on quality of life. A 
fifth of those in our cohort were diagnosed with  
constipation (plausibly driven by systemic therapy  
and opioid medications), while a fifth were 
diagnosed with anaemia. Around one in every 
six patients were diagnosed with hypotension, 
one in six with arrythmia and one in 10 with  
sepsis—noting that each of these three conditions 
commonly coincide with each other.33 The com-

 
Total 

N %

Tumour type

Small cell 1,317 26%

Non-small cell 3,637 71%

Other/unspecified 144 3%

Stage

Local 99 2%

Regional 1,115 22%

Advanced 2,508 49%

Unstaged 1,376 27%

Treatment combinations

Systemic therapy only 2,128 42%

Systemic therapy + surgery 450 9%

Systemic therapy + radiation 2,348 46%

Systemic therapy + surgery + 
radiation

172 3%

NZDep = New Zealand Index of Deprivation; GCH = Geographic Classification for Health. 

Table 1 (continued): Characteristics of those diagnosed with lung cancer between 2007 and 2019 who subsequently 
received systemic therapy.
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Table 2: Toxicities following systemic therapy among the cohort. 

 
Total cohort

n Crude % Age adjusted % Fully adjusted %

Any toxicity 3,961 78% 78% 82%

Haematological* 1,457 29% 29% 32%

Anaemia* 1,010 20% 20% 20%

Coagulation defect 4 0% 0% 0%

Neutropenia 677 13% 13% 16%

Petechiae 1 0% 0% 0%

Purpura 0 0% 0% 0%

Thrombocytopenia 260 5% 5% 6%

Constitutional 1,323 26% 26% 29%

Anorexia 182 4% 3% 5%

Cachexia 3 0% 0% 0%

Fatigue 109 2% 2% 2%

Fluid balance 1,129 22% 22% 24%

Peripheral oedema 66 1% 1% 2%

Cardiovascular* 1,724 34% 33% 39%

Angina* 21 0% 0% 0%

Acute MI 124 2% 2% 3%

Arrhythmia* 647 13% 12% 16%

Cardiac arrest 25 0% 0% 0%

Cardiomyopathy 124 2% 3% 4%

Cerebrovascular disease* 77 2% 1% 1%

Heart failure* 91 2% 2% 3%

Hypertension 255 5% 5% 7%

Hypotension 666 13% 13% 17%

Pulmonary embolism 335 7% 7% 5%

Thrombophlebitis 154 3% 3% 2%

Thrombosis 113 2% 2% 2%

Respiratory 312 6% 6% 7%

Cough 4 0% 0% 0%

ARDS 99 2% 2% 2%

Dyspnoea 207 4% 4% 5%

Pulmonary oedema 20 0% 0% 0%
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Total cohort

n Crude % Age adjusted % Fully adjusted %

Infection 2,410 47% 48% 55%

Fever 479 9% 10% 10%

Lung infection 1,607 32% 32% 40%

Sepsis 463 9% 9% 11%

UTI 330 6% 6% 8%

Renal 541 11% 10% 15%

Renal failure 519 10% 10% 14%

Tubulointerstitial disease 36 1% 1% 1%

Line complications 188 4% 4% 4%

Gastrointestinal 1,888 37% 37% 37%

Constipation 1,026 20% 20% 21%

Diarrhoea 472 9% 9% 10%

Dysphagia 138 3% 3% 3%

Nausea/vomiting 608 12% 12% 11%

Oral mucositis 386 8% 7% 8%

Bleeding 424 8% 8% 11%

Endocrine and 
metabolism

1,232 24% 24% 28%

Electrolyte disturbance 1,100 22% 21% 25%

Glucose abnormalities 176 3% 3% 4%

Other endocrine 15 0% 0% 0%

Pain 392 8% 8% 9%

Neurological* 548 11% 11% 11%

Dizziness syncope 233 5% 4% 5%

Headache 194 4% 4% 4%

Laryngeal spasm 0 0% 0% 0%

Neuropathy 67 1% 1% 2%

Other neurological 40 1% 1% 0%

Seizures* 77 2% 2% 1%

Table 2 (continued): Toxicities following systemic therapy among the cohort. 
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monality of these toxicities reinforce the need for 
advanced clinical preparation for their occurrence  
following systemic therapy onset, including the 
communication of this likelihood with patients 
as is required in the process of informed consent. 
Furthermore, wrap-around care, clear cancer- 
service contact details, written reminders of 
potential toxicities and access to urgent medical  
attention are needed to either prevent or promptly 
recognise and manage these conditions as they 
occur. 

We also note the commonality of gastrointes-
tinal toxicities that may be less life-threatening  
than serious cardiac malfunction or sepsis but 
nonetheless carry immense distress for the 
patient, such as constipation (one in five patients). 
Such distress may be related to the commonality of  
opioid use among New Zealanders undergoing lung 
cancer treatment (43% of those with local disease,  
up to 74% of those with advanced disease34),  
which is a useful reminder of the importance of 
laxative co-prescription and bowel care among 
those receiving systemic therapy for lung cancer.

Key findings by tumour type 
While the overall burden of toxicity appeared 

similar between tumour types, those with SCLC 
were more likely to be diagnosed with neutropenia,  
sepsis and electrolyte disturbances. This difference  
in toxicity burden may be related to the aggres-
sive nature of SCLC tumours compared to NSCLC 

tumours,35 wherein the aggressiveness of the cancer  
itself is leading to heightened commonality of 
these conditions. This explanation is plausible 
since while we have adjusted for pre-treatment 
comorbidity within our fully adjusted analysis we 
were unable to adjust for health and performance  
status at the time of treatment (e.g., ECOG [Eastern  
Cooperative Oncology Group] status) using the 
available data. In addition, the heightened risk 
of neutropenia among those with SCLC may 
be related to differences in treatment type and 
resulting toxicity profile compared to NSCLC.19 

Differences in the commonality of these tox-
icities between tumour types may also be driven 
by differences in the aggressiveness of treatment.  
A pooled analysis of three randomised trials 
found that survival outcomes among late-stage 
lung cancer patients with neutropenia are better  
than among those without neutropenia (approxi-
mately 43 weeks versus approximately 31 weeks), 
with the authors reasoning that the absence of 
neutropenia may be an indication of underdosing  
of systemic therapy.36 In other words, the height-
ened commonality of neutropenia among those 
with SCLC in our cohort may be a clinically 
expected response to more aggressive systemic 
therapy dosing among this group, relative to those 
with NSCLC. 

As noted in the introduction, there is limited 
information about the types and rates of real-life 
toxicity among those treated for lung cancer, outside  

 
Total cohort

n Crude % Age adjusted % Fully adjusted %

Dermatology and 
rheumatology*

97 2% 2% 3%

Gout* 31 1% 1% 1%

Skin reactions 66 1% 1% 1%

Drug reaction 24 0% 1% 0%

Ophthalmic* 101 2% 2% 1%

Psychological* 105 2% 2% 2%

Age adjusted % = age standardised percentages. Fully adjusted % = marginally standardised percentages, adjusted for age, 
gender, ethnicity, deprivation, rurality, comorbidity, tumour type, stage and treatment combination, with the Māori lung cancer 
cohort as the standard covariate profile within the models. An asterisk (*) next to a condition indicates that some or all of the 
codes within that condition were excluded if they occurred prior to the onset of systemic therapy. ARDS = acute respiratory dis-
tress syndrome; UTI = urinary tract infection. 

Table 2 (continued): Toxicities following systemic therapy among the cohort. 
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Table 3: Most common toxicities according to tumour type. Toxicities are presented if they occurred among ≥5% of at least one of the tumour types. 

 

Small cell Non-small cell Other/unspecified

n Crude %
Age adjusted 
%

Fully 
adjusted %

n Crude %
Age adjusted 
%

Fully 
adjusted %

n Crude %
Age adjusted 
%

Fully 
adjusted %

Any toxicity 1,077 82% 82% 84% 2,777 76% 76% 81% 107 74% 74% 79%

Haematological* 494 38% 36% 38% 914 25% 25% 28% 49 38% 38% 38%

Anaemia* 318 24% 23% 22% 655 18% 18% 19% 37 28% 28% 26%

Neutropenia 293 22% 22% 24% 363 10% 10% 12% 21 17% 17% 17%

Thrombocytopenia 102 8% 7% 7% 147 4% 4% 5% 11 9% 9% 8%

Constitutional 392 30% 29% 30% 881 24% 24% 28% 50 34% 34% 38%

Anorexia 47 4% 4% 4% 130 4% 3% 5% 5 4% 4% 5%

Fluid balance 340 26% 25% 25% 741 20% 21% 23% 48 33% 33% 35%

Cardiovascular* 449 34% 33% 38% 1,227 34% 33% 40% 48 30% 30% 39%

Arrhythmia* 189 14% 13% 17% 444 12% 12% 15% 14 9% 9% 13%

Heart failure* 33 3% 2% 3% 53 1% 1% 2% 5 2% 2% 5%

Hypertension 79 6% 6% 7% 170 5% 4% 7% 6 3% 3% 6%

Hypotension 184 14% 14% 17% 468 13% 13% 17% 14 9% 9% 14%

Pulmonary embolism 57 4% 4% 3% 267 7% 7% 7% 11 8% 8% 6%

Respiratory 81 6% 7% 7% 222 6% 6% 6% 9 6% 6% 7%

Dyspnoea 53 4% 4% 5% 147 4% 4% 5% 7 5% 5% 6%

Infection 693 53% 53% 57% 1,649 45% 46% 54% 68 49% 49% 55%

Fever 126 10% 10% 10% 336 9% 9% 10% 17 14% 14% 13%

Lung infection 446 34% 34% 39% 1,116 31% 31% 40% 45 32% 32% 40%

Sepsis 175 13% 13% 14% 274 8% 8% 9% 14 9% 9% 12%

UTI 102 8% 7% 8% 222 6% 6% 8% 6 4% 4% 5%
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Small cell Non-small cell Other/unspecified

n Crude %
Age adjusted 
%

Fully 
adjusted %

n Crude %
Age adjusted 
%

Fully 
adjusted %

n Crude %
Age adjusted 
%

Fully 
adjusted %

Renal 162 12% 11% 15% 359 10% 10% 15% 20 13% 13% 20%

Renal failure 157 12% 11% 15% 342 9% 9% 14% 20 13% 13% 20%

Line complications 55 4% 4% 4% 124 3% 3% 4% 9 6% 6% 7%

Gastrointestinal 532 40% 40% 38% 1,304 36% 36% 36% 52 39% 39% 35%

Constipation 281 21% 21% 21% 711 20% 20% 20% 34 25% 25% 23%

Diarrhoea 126 10% 9% 10% 335 9% 9% 10% 11 9% 9% 8%

Nausea/vomiting 177 13% 14% 13% 416 11% 12% 11% 15 12% 12% 9%

Oral mucositis 133 10% 10% 9% 240 7% 7% 7% 13 10% 10% 9%

Bleeding 97 7% 7% 9% 315 9% 9% 12% 12 7% 7% 12%

Endocrine and 
metabolism

404 31% 30% 32% 794 22% 22% 26% 34 25% 25% 27%

Electrolyte 
disturbance

373 28% 27% 29% 695 19% 19% 23% 32 23% 23% 26%

Pain 107 8% 8% 9% 279 8% 8% 10% 6 4% 4% 5%

Neurological* 169 13% 13% 12% 361 10% 10% 10% 18 14% 14% 12%

Dizziness syncope 60 5% 4% 5% 166 5% 4% 5% 7 4% 4% 5%

Headache 73 6% 6% 6% 116 3% 3% 3% 5 5% 5% 4%

Neuropathy 16 1% 1% 1% 45 1% 1% 2% 6 5% 5% 6%

Age adjusted % = age standardised percentages. Fully adjusted % = marginally standardised percentages, adjusted for age, gender, ethnicity, deprivation, rurality, comorbidity, stage and treatment combination, with the Māori 
lung cancer cohort as the standard covariate profile within the models. An asterisk (*) next to a condition indicates that some or all of the codes within that condition were excluded if they occurred prior to the onset of systemic 
therapy. UTI = urinary tract infection. 

Table 3 (continued): Most common toxicities according to tumour type. Toxicities are presented if they occurred among ≥5% of at least one of the tumour types. 
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of evidence from RCTs. It is difficult to compare 
levels of toxicity with other studies due to different  
source populations (New Zealand compared to 
international; national study compared to clinical  
trial/smaller centre studies; total lung cancer 
cohort compared to stage-specific and/or sub-type  
specific analysis) and different datasets used 
to define toxicity. With this in mind, the most  
common toxicities identified in the current study 
(e.g., anaemia, neutropenia, fluid imbalance,  
constipation) are also among the most commonly 
identified in other lung cancer contexts.37–39 

Strengths and limitations
Chemotherapy is often prescribed in com-

bination with supportive medications such as  
antiemetics, steroids and opiate analgesics. We 
were not able to exclude these medications as the 
cause of toxicity rather than the systemic therapy  
itself. We also cannot rule out the possibility that  
toxicities reported here were the result of systemic  
therapies other than those captured within the 
current study (e.g., non–publicly funded immuno-
therapies). Relatedly, as noted in the Methods, the 
study “toxicity period” (which included treatments  
received up to the end of 2021) ended before public  
funding of immunotherapy medicines for lung 
cancer (mostly from 2023). As such, our findings  
largely reflect the toxicity profile within the pre- 
immunotherapy era of systemic therapy for lung 
cancer. While we have tried to capture all covariates  
that a) might act as confounders/mediators of the 
relationship between systemic therapy and toxicity  
and b) that are nationally available and complete, 
it remains plausible that other factors may have 
influenced the relationship between systemic  
therapies received in this study and resulting  
toxicity (e.g., clinical trial participation, as noted 
above with respect to non-funded systemic therapy  
access). Due to the overall poor prognosis of cases 
due to disease progression, it is plausible that 

some cases may have developed toxicity following  
systemic therapy (and had that toxicity recorded 
within our results) but died before that toxicity 
could be observed.

Finally, our study presents a broad picture of 
toxicity occurrence among patients with lung  
cancer, with limited stratification by tumour type 
and ethnicity. As such, our analysis remains a broad 
indication of the toxicity burden experienced by 
patients with lung cancer. It does not compare 
(for example) the occurrence of toxicity between 
those receiving one type of systemic treatment to 
another or experiencing one stage of disease within 
a given tumour type, since such analyses would 
likely require a nuanced approach beyond the 
broad focus of the current study. We are planning  
to undertake such work in the future, possibly 
with the addition of more granular treatment 
data as they become available. 

Conclusions
We observed a significant toxicity burden 

using administrative health records and a cancer- 
specific toxicity coding framework: four in every 
five patients experienced some toxicity during the 
course of treatment, and around half of the cohort 
were diagnosed with an infection of some kind, 
most commonly lung infection. Constipation, 
hypotension, cardiac arrhythmia, anaemia and 
neutropenia were all highly common toxicities. 
Those with SCLC were more likely to be diag-
nosed with neutropenia, sepsis and electrolyte 
disturbances than those with NSCLC. This study 
used a cancer-specific toxicity coding framework 
and nationally available data to identify toxicities  
following systemic therapy among those with 
lung cancer. With the caveats identified and  
discussed throughout this paper, this system can 
be used to identify and better understand this 
burden in other cancer contexts.
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Appendix

Appendix Table 1: International Classification of Diseases (ICD) codes used to define toxicities, modified from Boyle 
et al.1 

Toxicity ICD code

Haematological*

Neutropenia D70

Thrombocytopenia D695, D696, D699

Purpura M311

Petechiae R233

Coagulation defect D65

Anaemia* D611, D618, D619, D648, D509*, D630, D649*

Constitutional

Fatigue R53

Cachexia R64

Anorexia R630, R634, R638

Fluid balance E877, E86

Peripheral oedema R600, R601, R609

Cardiovascular*

Angina* I200*, I201*, I208*, I209*

Acute myocardial infarction I210, I211, I212, I213, I214, I219, I220, I230

Heart failure* I500*, I501*, I509*

Arrhythmia*
I44*, I471*, I472*, I48*, I450*, I451*, I452*, I453*, I454*, 
I455*, I456*, I458*, I459*, I490*, I491*, I492*, I493*, 
I494*, I495*, I498*, I499*, R000, R001, R002, R008

Hypertension* I10*, I11*, I12*, I13*, I15*

Cerebrovascular disease* I60*, I61*, I62*, I63*, I64*, I69*, G45*, G46*

Hypotension I950, I951, I952, I958, I959

Pulmonary embolism I260, I269

Cardiac arrest I460, I461, I469

Cardiomyopathy I313, I319, I427, I429

Thrombosis
I740, I741, I742, I743, I744, I745, I748, I749, I822, I823, 
I828, I829

Thrombophlebitis I800, I801, I802, I803, I808, I809

Respiratory

Cough R05

ARDS J80
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Toxicity ICD code

Pulmonary oedema J81

Dyspnoea R060

Infection 

Fever R509, R680

Sepsis
A410, A411, A412, A413, A414, A415, A418, A419, A40, 
T814

Neutropenic sepsis D70 plus one or more sepsis codes (above)

Tuberculosis A15, A17, A18, A19

Bacterial infection A38, A39, A42, A46, A48, A49

Viral hepatitis B15, B16, B17, B19

Viral infection
A81, A85, A86, A87, A88, A89, B00, B01, B02, B07, B08, 
B09, B25, B27, B30, B33, B34

Mycoses
B371, B372, B373, B374, B375, B376, B377, B378, B379, 
B44, B45, B49

Protozoal disease B59

Infectious agents B95, B96, B97, B99

Lung infection
 J09, J10, J11, J12, J13, J14, J15, J16, J17, J18, J20, J22, 
J85, J86

UTI
N151, N300, N308, N309, N340, N390, N410, N412, N413, 
N45

Skin infection L00, L01, L02, L03, L04, L05, L08

Gynaelogical infection N61, N700, N709, N710, N72, N73, N76

Neurological infection G00, G01, G02, G03, G04, G05, G06, G07, G08, A851, M60

Cardiac infection I30, I33, I40, I514, I518

ENT infection H700, K052, K113, J04, H60, H660, J01, J02, J03

Orthopaedic infection M00, M87, K102, M86

Gastrointestinal infection
A02, A04, A05, A07, A08, A09, K61, K750, K800, K803, 
K804, K810, K830, K630, K65

Renal

Renal failure N170, N171, N172, N178, N179, N19, N280

Tubulointerstitial disease N10, N12, N13, N141, N142, N144, N158, N159

Line complications
T825, T827, T828, T829, Z452, T800, T801, T802, T808, 
T809

Appendix Table 1 (continued): International Classification of Diseases (ICD) codes used to define toxicities,  
modified from Boyle et al.1 
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Toxicity ICD code

Gastrointestinal

Diarrhoea K521, K528, K529, A090

Nausea/vomiting R11

Dysphagia R13

Constipation K590, K564

Oral mucositis K121, K123, B370

Hepatic failure K710, K711, K712, K716, K719, K720, K729, R17

Gastrointestinal ulceration/perforation
K221, K223, K251, K253, K255, K261, K262, K263, K265, 
K271, K273, K275, K281, K283, K285, K291, K293, K295, 
K631

Stoma dysfunction K914

Gastrointestinal fistulation N321, N82, K316, K603, K604, K605

Bleeding

R040, R31, N938, N939, R042, J942, K625, I850, K920, 
K921, K922, K250, K252, K254, K256, K260, K264, K266, 
K270, K272, K274, K276, K280, K282, K284, K286, K290, 
K292, K294, K296

Endocrine and metabolism

Electrolyte disturbance
E833, E834, E835, E838, E839, E870, E871, E872, E873, 
E874, E875, E876, E878

Glucose abnormalities R730, R739

Other endocrine E15, E160, E161, E162, E032, E058, E064, E273, E231

Pain
R100, R101, R102, R103, R104, M255, M540, R07, R520, 
R529, H920, K146, H571, M796

Neurological*

Dizziness syncope R55, R42

Seizures* G40*, G41*, R56*

Neuropathy G620, G628, G629, R200, R201, R202, R203, R208, R209

Laryngeal spasm J385

Other neurological
H910, H931, G250, G251, G252, G253, G258, G259, G240, 
G254, G256, G711, G720, R270, R260

Headache G43, G44, R51

Dermatology and rheumatology*

Skin reactions R21, L270, L271, L298, L299, L51, L539, R238, R239

Gout* M100*, M102*, M104*, M109*

Drug reaction L500, T782, T783, T784, T886, T887, T451

Appendix Table 1 (continued): International Classification of Diseases (ICD) codes used to define toxicities,  
modified from Boyle et al.1 
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Ophthalmic*

H320, H191, H192, H10, H100, H101, H102, H103, H105, 
H108, H109, H111, H112, H113, B300, B301, B302, B303, 
B308, B309, H150, H151, H158, H159, H160, H161, H162, 
H163, H164, H168, H169, M350, H170, H171, H178, H179, 
H180, H181, H182, H183, H184, H186, H187, H188, H189, 
H200, H202, H208, H209, H210, H211, H212, H213, H214, 
H215, H218, H219, H263, H278, H279, H406, H531, H532, 
H533, H534, H535, H536, H538, H539, H540*, H541*, 
H542*, H543*, H544*, H545*, H546*, H549*, H000, H001, 
H010, H018, H019, H041, H042, H043, H020, H021, H050, 
H052, H058, H059, H578, H579, H490*, H491*, H492*, 
H493*, H494*, H498*, H499*, H500*, H501*, H502*, 
H503*, H504*, H505*, H506*, H508*, H509*, H510*, 
H511*, H512*, H518*, H519*, H46*, H470*, H471*, 
H472*, H473*, H474*, H475*, H476*, H477*, H300*, 
H301*, H302*, H308*, H309*, H310*, H311*, H313*, 
H314*, H318*, H319*, H330*, H332*, H335*, H340*, 
H341*, H342*, H348*, H349*, H350*, H352*, H353*, 
H356*, H357*, H358*, H359*, H431, H432, H433, H438, 
H439, H440, H441, H448, H449

Psychological*
F320, F321, F322, F323, F328, F329*, F410, F411, F412, 
F413, F418, F419*

An asterisk (*) next to a condition indicates that some or all of the codes within that condition were excluded if they occurred 
prior to the onset of systemic therapy. The individual ICD codes that were excluded are also indicated with an asterisk. ARDS = 
acute respiratory distress syndrome; UTI = urinary tract infection; ENT = ear, nose and throat. 
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