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ABSTRACT

Background: Palliative oncology is a balance between maximising quality and quantity of life. Whilst aggressive 
chemotherapy is associated with severe side effects, low-dose chemotherapy now plays a role in treating many 
advanced malignancies with palliative intent. There is a need to compare the survival of patients receiving low-dose 
with standard-dose chemotherapy.

Methods: Data collected from Ballarat Oncology and Haematology Services (BOHS) records was retrospectively 
assessed for patients diagnosed between 2004-2010 with advanced ovarian, lung, colorectal and pancreatic cancers. 
166 patients were assessed for their chemotherapy doses, classed as low-dose chemotherapy (n=69) or standard-dose 
chemotherapy (n=97). Survival was assessed using the Kaplan-Meier method and the difference between the groups 
assessed using log rank tests with hazard ratios created using the Cox proportional hazards model.

Findings: Across all cancers, low-dose chemotherapy patients had a survival advantage (log rank=33•76, p<0•00001, 
HR 0•38, 95% CI 0•38-0•54, p<0•00001). There was a survival benefit for low-dose therapy in ovarian cancer (log 
rank=9•91, p=0•0016, HR 0•15, 95% CI 0•04-0•54, p=0•0047), pancreatic cancer (log rank=7•47, p=0•0063, 
HR 0•2, 95% CI 0•057-0•71, p<0•0001) and lung cancer (log rank=24•72, p<0•0001, HR 0•3, 95% CI 
0•18-0•50, p<0•0001). There was no significant survival benefit for colorectal cancer patients receiving low-dose 
chemotherapy (log rank=1•16, p=0•28, HR 0•72, 95% CI 0•39-1•33, p=0•30), although there was a trend to 
improved survival. 

Interpretation: Low-dose chemotherapy was associated with longer survival compared to standard doses of 
chemotherapy in this group. This novel study found a survival benefit with low dose chemotherapy in patients with 
advanced ovarian, pancreatic and lung cancers. However this study was not powered to find benefit in individual 
cancer groups. Large randomised controlled trials are required in order to adequately assess this effect without the 
presence of confounders.

Funding: This project was performed as a MBBS (Honours) project and as such did not have funding associated with 
it. RK and JS volunteered their time to the project to provide assistance, ensuring that data collected was accurate. 
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INTRODUCTION

In the setting of advanced malignancies where life expectancy 
is limited, control of cancer-related symptoms, prevention of 
cancer-related complications and avoidance of treatment-related 
side effects are often what is preferred by patients as opposed to 

maximising overall survival [1]. Yet the idea of “more is better” 
in chemotherapy dosing is one that has been at the forefront of 
oncology research and practice for many decades. However, there 
is a lack of high level evidence for a dose-cure or dose-palliation 
relationship for chemotherapy in solid cancers [2]. Rather, the 
evidence suggests a threshold dose-effect relationship for survival 
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and palliation where additional doses provide little increases in 
effect but great increases in cost and toxicity. 

The idea of maximum tolerated dose has long been used without 
considering the minimum effective dose of chemotherapy, where 
treatment effects occur with minimal side effects. Compared with 
maximum tolerated dose, low-dose chemotherapy provides an 
attractive therapeutic option for palliative stage patients due to a 
lower toxic burden and lower treatment-related toxicity [3]. Low-
dose chemotherapy may therefore have a particularly effective role 
in those who are too elderly or frail for maximum tolerated dose 
chemotherapy due to residual toxicity from previous treatment. 

Low-dose chemotherapy is thought to induce mainly anti-angiogenic 
and immunomodulatory effects, in contrast to the direct cytotoxic 
of traditional maximum tolerated dose chemotherapy [4].

Currently, there is evidence for the safety, efficacy and cost 
effectiveness of low-dose chemotherapy over best supportive 
care [5]. However there has not yet been a comparison between 
the survival of low-dose and standard maximum tolerated dose 
chemotherapy in palliative patients. The aim of this investigation 
is to compare the survival outcomes of palliative oncology patients 
receiving low-dose versus standard dose chemotherapy.

MATERIALS AND METHODS

Study design

This study was a retrospective cohort study with recruitment from 
the Ballarat Oncology and Haematology Services (BOHS) electronic 
medical records. The study was approved by the University of 
Notre Dame Human Research Ethics Committee (018021S) and 
the Ballarat Health Services and St John of God Hospital Ballarat 
Human Research Ethics Committee (LNR/17/BHSSJOG/78). 
Site-specific approval was obtained by Ballarat Oncology and 
Haematology Services (LNRSSA/17/BHSSJOG/79).

Study sample

Inclusion criteria included: patients of BOHS, aged >18 years 
old at diagnosis, cancer diagnosis between 1 January 2004 and 
31 December 2009 (inclusive), initial diagnosis of stage III or IV 
ovarian, stage III or IV lung cancer, stage IV colorectal cancer or 
any stage pancreatic cancer and treated with chemotherapy. Patients 
not treated for their malignancy at BOHS were excluded. Previous 
adjunct therapy for malignancy, including surgery, chemotherapy 
or radiotherapy did not render participants ineligible.

Data collection

Baseline characteristics including age, cancer type, stage, postcode 
and health insurance status were collected at diagnosis. The date 
of diagnosis was the date of definitive diagnosis from a pathology 
report. Where only a month of diagnosis was available, patients 
were given a date of diagnosis of the fifteenth day of that month. 
If only a year of diagnosis was available, the patient was excluded. 
Staging was checked with radiological reports. Overall survival was 
considered from date of diagnosis to date of death for all causes 
of mortality. Where date of death was not available and no follow 
up had occurred after 1st January 2016, death certificates from the 
Births, Deaths and Marriages Victoria were retrieved. For those 
whom a death certificate was not available, they were assumed to 
be alive and their survival censored to 30th September 2018. 

Data analysis

Power calculations using the log rank test suggested 63 patients 
are required in each group (total 126 patients) to attain adequate 
power to detect a 20% difference in median survival time between 
the two groups (=0•05, =0•80). Sample size calculations were 
performed using Power and Sample Size Program.

Low-dose chemotherapy was considered to be less than or equal 
to 50% of the standard dose of chemotherapy for their specific 
malignancy. Where patients were assessed as receiving greater than 
50% of the standard dose, they were assigned to the standard dose 
group. 

Survival analyses in the two groups were conducted using the 
Kaplan-Meier method and compared using the log rank test. 
Two sample t-tests and chi square tests were performed to assess 
for differences in baseline characteristics in the two groups. The 
Cox proportional hazards model was then used to create hazard 
ratios to calculate the size of the treatment difference between each 
group, which was adjusted for age and sex. Statistical analyses were 
performed using the SAS statistics software version 9•4 [6]. 

RESULTS

228 patients were assessed for eligibility with 166 patients included 
in the study. Reasons for exclusion are summarised in Figure 1. 
Baseline characteristics for all patients are summarised in Table 1.

Table 1: Comparison between standard dose and low dose patient 
baseline characteristics.

Standard dose Low dose P-value

Number of patients 97 69 N/A

Mean age 69+/-11·5 70+/-11·1 0·71

Sex:
• Male

• Female

50
47

35
34

0·92

Cancer
• Ovarian

• Pancreatic
• Colorectal

• Lung

11
20
24
42

7
7
22
33

0·29

Figure 1: CONSORT Diagram
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Insurance
• Public
• Private

39%
58%

24%
45%

0·48~

A total of 97 (58%) patients received standard-dose chemotherapy 
while 69 (42%) received low-dose chemotherapy with the two 
groups well matched for age, sex, cancer type and insurance status 
(Table 1 and Graph 1). 

Graph 2 provides a survival comparison of all patients between 
the two treatment groups. There was a significant survival benefit 
of low-dose chemotherapy Graph (log rank=33•76, p<0•00001) 
with a significant hazard ratio of 0•38 (95% CI 0•38-0•54, 
p<0•00001) in favour of low-dose therapy. Low-dose chemotherapy 
provided a median survival of 1•70 years and five-year survival of 
20%. Standard dose chemotherapy provided a median survival 
of 0•80 years and five-year survival of 1%. This data highlights a 
group of long-term survivors in the low-dose chemotherapy group 
of 7% who reached greater than ten years survival post diagnosis. 
There were no survivors in the standard chemotherapy group 
beyond 6•8 years.

When stratified by cancer type, most cancers showed a survival 
benefit with low-dose chemotherapy. In ovarian cancer (Graph 
3), low-dose chemotherapy provided a survival benefit when 
compared to the standard dose group. Low-dose therapy patients 
had a median survival of 7•90 years compared to a median survival 
of 1•58 years for standard-dose chemotherapy (p=0•0016). The 
hazard ratio was 0.15 (95% CI 0•04-0•54, p=0•0047) in favour 

Graph 1: Kaplan-Meier survival curves of all patients stratified by 
low dose (LD) and standard dose (SD) chemotherapy. Note: (    ) LD;  
(    ) SD; (    ) LD-censored; (    ) SD-censored

Graph 2: Kaplan-Meier survival curves of patients with ovarian cancer 
stratified by low dose and standard dose chemotherapy. Note: (    ) low 
dose; (    ) standard dose

Graph 3: Kaplan-Meier survival curves of patients with pancreatic 
cancer stratified by low dose and standard dose chemotherapy. Note:  
(    ) low dose; (    ) standard dose

of low dose therapy. Furthermore, 14% survived at least 10 years 
in the low-dose group compared to 0% in the standard dose group. 
This highlights a group of patients with ovarian cancer that survive 
long term.

Pancreatic cancer (Graph 4) also illustrated improved survival with 
low-dose chemotherapy. Patients receiving low-dose treatment had 
a median survival of 3•90 years compared to a median survival 
of 0•50 years in standard-dose chemotherapy (p=0•0063). The 
hazard ratio of 0•2 (95% CI 0•057-0•71, p<0•0001) was in favour 
of low-dose therapy. Patients receiving low-dose chemotherapy had 
a five-year survival of 43% and a ten-year survival of 14% versus 
0% five-year survival and 0% ten-year survival for the standard 
chemotherapy group. Although the number of patients was 
small, the implications of low-dose chemotherapy were dramatic 
in this poor outcome cancer. The data also indicates that patients 
receiving standard chemotherapy initially as adjuvant therapy did 
not have a good long-term survival.

 

Low-dose chemotherapy provided a survival benefit in lung cancer 
(Graph 5) with a median survival of 1•70 years compared with 
a median survival of 0•55 years in standard dose chemotherapy 
(p<0•0001). A significant hazard ratio of 0•3 (95% CI 0•18-
0•50, p<0•0001) was in favour of low-dose therapy. Patients 
receiving low-dose chemotherapy had a five-year survival of 12% 
and a ten-year survival of 6% versus 0% five-year survival and 0% 
ten-year survival for the standard chemotherapy group. 

Graph 4: Kaplan-Meier survival curves of patients with lung cancer 
stratified by low dose and standard dose chemotherapy. Note: (    ) low 
dose; (    ) standard dose
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Colorectal cancer showed similar survival for each group with low-
dose chemotherapy providing a median survival of 1•30 years 
compared to a median survival of 1•76 years with standard-dose 
chemotherapy (p=0•28). Low-dose chemotherapy provided a five-
year survival of 14% and ten-year survival of 9% compared to a 
five-year survival of 4%, ten-year survival of 0% with standard-
dose chemotherapy (p=0•28). A non-significant hazard ratio of 
0•72 (95% CI 0•39-1•33, p=0•30) was in favour of low-dose 
chemotherapy.

DISCUSSION

This novel study is the first to compare overall survival between 
cohorts of patients receiving low-dose and standard-dose 
chemotherapy with palliative intent. Across the entire cohort, the 
results suggest that the use of low-dose chemotherapy is associated 
with a longer survival compared to standard doses of chemotherapy. 
This suggests the possibility that reduced myelosuppression in low-
dose chemotherapy patients may allow the immune system to play 
a role in controlling tumour burden, whereby improving survival 
in advanced disease. Furthermore, these results suggest that the 
improved treatment tolerability and lower rates of chemotherapy 
associated side effects with low-dose therapy may result in reduced 
complications and patients accepting an increased length of 
palliative therapy. 

When comparing five-year survival in low-dose patients from the 
current study to previously published data from comparable dates, 
it is evident that the low-dose treatment is at least as effective as what 
has been published. Our study, when compared to standard studies 
of advanced ovarian cancer, pancreatic cancer, stage IV colorectal 
cancer and stage IV lung cancer, illustrated improvements in rates 
of five-year survival when compared to these cancer groups from 
the United Kingdom, United States of America and Australia [7-
9]. Furthermore, a cohort of our low-dose chemotherapy patients 
demonstrated survival beyond 10 years in these groups which is 
rarely reported in the literature. This indicates the possibility of 
long-term immune modulating effects of these regimes [7].

Ovarian cancer is the most lethal of the gynaecological malignancies 
with most patients diagnosed with advanced staging [10]. Survival 
benefit over supportive care has been shown with low dose 
combination of decitabine, carboplatin and paclitaxel in recurrent 
ovarian cancer and multiple case studies have shown extended 
remission of ovarian cancer using metronomic chemotherapy 

[11,12]. Low-dose chemotherapy has shown to maintain the quality 
of life of patients with metastatic ovarian cancer and provide 
significant symptom improvement [13,14]. Studies have shown 
the presence of tumour invading lymphocytes in ovarian tumours 
provide an improved survival in these patients, suggesting the 
role of the host immune system in tumour management [15]. In 
the present study, low-dose chemotherapy significantly improved 
survival when compared to that receiving standard-dose therapy. 
These results suggest that this particularly vascular malignancy is 
an ideal candidate for low-dose chemotherapy due to its combined 
immunomodulatory and anti-angiogenic effect, reducing growth 
and spread of the tumour [16]. A recent study by Garsed et al. 
reported that long-term survivors of ovarian cancer (greater than 
ten years), were more likely to have multiple alterations in genes 
associated with DNA repair and increased immune reponse 
genes, futher indicating a role for the immune system in long-term 
survivors [17].

Pancreatic cancer has a high mortality rate and as such small 
improvements in survival are important [18]. The current standard 
of care in non-resectable disease is associated with a significant 
side effect profile [19]. Numerous preclinical studies have shown 
the efficacy of metronomic chemotherapy in counteracting growth 
in pancreatic cancer [18]. However there have been limited and 
non-definitive clinical studies, demonstrating the strategy to be 
moderately active and well tolerated with mild toxicity [18]. In the 
current cohort, low-dose chemotherapy provided a significantly 
improved survival compared to standard-dose in pancreatic cancer. 
It is conceivable that with the increased tolerability of low-dose 
chemotherapy, patients may have been more likely to continue this 
treatment, allowing greater length of treatment and therefore better 
control of tumour burden. 

Lung cancer is the most common cause of cancer related death with 
many presentations occurring with locally advanced or metastatic 
disease [20]. For patients without directly targetable mutations, 
palliative chemotherapy is associated with a significant side effect 
profile. Numerous studies have demonstrated the efficacy, safety 
and low side effect profile of low-dose chemotherapy in lung cancer 
[21]. In our study, lung cancer patients treated with low-dose 
chemotherapy experienced significantly increased survival with 
low-dose therapy compared to standard dose-therapy. Similar to 
pancreatic cancer, due to the poor prognosis of lung cancer without 
immunotherapy, we hypothesise that patients in the standard 
group were more likely to suffer from chemotherapy-related 
adverse effects and therefore refuse further treatment, resulting 
in their poor survival compared to their low dose counterparts. 
The improved survival of stage IV non-small cell lung cancer with 
immunotherapy appears similar to the survival of patients receiving 
low-dose chemotherapy, indicating the importance of an active 
immune system in these patients [22].

Metastatic colorectal cancer showed a non-significant survival 
benefit for patients with low dose treatment. Despite no significant 
change in survival, we hypothesise that patients in this group with 
high levels of microsatellite instability may have improved survival 
with low dose chemotherapy. These patients, making up 15% of 
the total number of all colorectal cancers, have improved prognosis 
[23]. It is only in MSI-High patients that immunotherapy has been 
shown to provide a mortality benefit [24]. Given one of the major 
effects of low dose chemotherapy is improved antigen presentation 
and cellular immunity; it is conceivable that low dose chemotherapy 
would provide a survival benefit in this subset of patients. 

Graph 5: Kaplan-Meier survival curves of patients with colorectal cancer 
stratified by low dose and standard dose chemotherapy. Note: (    ) low 
dose; (    ) standard dose
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A limitation of this study is that it lacked adequate power to assess 
the two regimens in individual malignancies although trends 
demonstrating a survival benefit for the low dose group are evident. 
Further, while overall the two cohorts were well matched for their 
baseline characteristics, individual cancers showed some significant 
differences in these characteristics due to their low sample sizes. 
We believe these differences may be confounders in the analysis 
of these individual groups. While hazard ratios were adjusted for 
patient age and cancer stage, other confounders such as sex and 
insurance status could conceivably act as effect modifiers in this 
study. 

The retrospective and observational nature of this study provides 
numerous limitations, namely the inability to assess treatment 
related side effects and complications. A main benefit of low-dose 
chemotherapy is its tolerability compared to standard-dose therapy. 
Furthermore, we did not assess the use of other treatment modalities 
in these patients. The use of radiotherapy and surgery would be 
of great significance to patient survival, particularly in surgically 
resectable malignancies. Future prospective studies would provide 
insights into this, including if the effect of low-dose chemotherapy 
is similar in the adjuvant or neoadjuvant setting perioperatively, 
and if there is a synergistic effect with radiotherapy. 

A future direction for this study might be to calculate specific 
chemotherapy doses received by the patients in each group. 
At present the use of 50% as an arbitrary Graph for low-dose 
therapy means that doses close to the 50% Graphs are separated. 
Theoretically, a dose of 49% and 51% of the standard dose are 
placed in separate groups while they are clinically equivalent, 
although many patients in the low-dose group received much less 
than the 50% cut-off. Calculation of specific chemotherapy doses 
would allow the titration of doses in the future and an attempt to 
calculate specific dosages where the balance of survival benefit and 
treatment tolerability is maximal.

Even if the survival benefit is discounted, the lower treatment 
toxicity of this treatment is significant in the journey of patients 
with advanced malignancies that have a life limiting effect. 
Standard dose chemotherapy is associated with a significant side 
effect profile and this perception is a common reason for patients 
to refuse treatment in advanced cancers. Patients often associate 
chemotherapy with a poorer quality of life. In this cohort, 38% of 
patients, after discussion with their oncologist, decided to follow 
a plan of low-dose chemotherapy. This highlights a significant 
proportion of patients who valued a perceived greater quality of life 
with reduced treatment related side effects over a possibly increased 
overall survival. Treatment discussions with patients should involve 
the opportunity to receive palliative low-dose chemotherapy. This 
may result in many patients who would previously have refused 
chemotherapy, choosing to have a lower dose treatment associated 
with a lower toxicity and potentially leading to increased overall 
survival.

It is interesting to postulate that low-dose chemotherapy may have 
similar survival benefits to immune check-point inhibitor therapy, 
especially in metastatic lung cancer. This study was undertaken in 
the period between 2006-2010, at a time when immunotherapy 
for lung cancer was not available but the survival benefits for both 
groups appear to be similar. The expense of immunotherapy is 
a significant cost especially for developing countries and further 
larger studies will need to be undertaken to determine if low-dose 
chemotherapy may offer similar long-term survival in this cohort of 
patients, at a much reduced cost.

CONCLUSION

This study has addressed the paucity in the literature surrounding 
the use of low dose chemotherapy for palliative stage cancer 
patients. In this cohort, the provision of low dose chemotherapy 
was associated with improved survival compared to standard doses 
of chemotherapy. This novel study specifically suggests a survival 
benefit with low dose chemotherapy in advanced ovarian, pancreatic 
and lung cancers. Large randomised controlled trials to adequately 
assess the effect of low-dose chemotherapy on survival without the 
presence of confounders. Further studies on the immune system of 
patients receiving low-dose versus standard doses of chemotherapy, 
may shed some insights as to the mechanism of improved survival 
in patients receiving low-dose chemotherapy.
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