
Abstract. Background/aim: Geriatric oncology practice
should be based on dedicated studies and real-world
experience. Therefore, we evaluated survival outcomes after
palliative thoracic radiotherapy in octogenarian patients with
lung cancer and analyzed prognostic factors. Patients and
Methods: We carried out a retrospective analysis of 51 patients
with a median age of 83 years. Three different fractionation
regimens were compared: two fractions of 8.5 Gy, 10 fractions
of 3 Gy, and higher doses than 30 Gy (maximum biologically
equivalent dose in 2-Gy fractions (EQD2) was always lower
than 50 Gy). No concomitant chemotherapy was prescribed.
Patients with incomplete radiotherapy (16%) were included, in
line with the intention-to-treat principle, i.e. based on
prescribed rather than accumulated dose. Results: Median
survival was 3.4 months. We observed a relatively high
proportion of patients who received radiotherapy in the last 30
days of life (24%). Nevertheless, approximately 10% of patients
were alive 3-5 years after treatment. Prognosis was similar for
those with stage III and IV disease. Multivariate analysis
identified four significant prognostic factors for shorter
survival: reduced performance status, serum C-reactive protein
(CRP) ≥30 mg/l, leukocytosis, and prescribed radiation dose
≤30 Gy (EQD2=33 Gy). The three different radiotherapy
regimens resulted in median survival of 2.4, 2.6 and 11.8
months, respectively. Conclusion: Survival outcomes were
highly variable. Given that survival after 10 fractions of 3 Gy
was indistinguishable from that after two fractions of 8.5 Gy,
we suggest that the latter regimen should be considered for

patients with poor prognosis. Patients with favorable
prognostic factors should be treated with higher radiation
doses, e.g. 15 fractions of 3 Gy. 

Octogenarians with lung cancer are not a homogeneous
patient population (1-4). While many patients present with a
long history of smoking and considerable pulmonary and
cardiovascular comorbidity, often compromising activities of
daily living, others are physically active and well
functioning. If diagnosed early, curative treatment is often
feasible (5, 6). Besides surgery, different highly efficacious
radiotherapy approaches are available (7-9). However, many
patients are referred to radiation oncologists for palliation of
thoracic symptoms in the context of stage III or IV disease
of small cell or non-small cell histology (SCLC, NSCLC).
The reasons why curative approaches were not recommended
in such cases include compromised organ function, frailty,
disease extent and sometimes patient preference (10). This
heterogeneity implies that individually-tailored concepts for
palliative thoracic radiotherapy might be pursued, aiming,
for example, at palliation of pain or hemoptysis, or
prolonged survival as a result of tumor-growth arrest. 

Given that most developed countries are facing ageing
populations and increasing numbers of newly diagnosed
patients with cancer (11), dedicated studies addressing the
unique challenges associated with geriatric oncology are
urgently needed. Treatment decisions should be based on
comprehensive assessments of organ function, comorbidity
and the patient’s ability to function independently rather than
on their biological age (12-17). Studies focusing on palliative
radiotherapy in octogenarians with lung cancer are scarce.
Important questions include i) Are these patients at increased
risk of dropout from long-course regimens, and ii) Do they
survive long enough to experience the benefits from better
local tumor control? We hypothesized that short survival
might be common and, therefore, short-course radiotherapy
should be preferred. To shed light on these questions, a
retrospective audit of our Institution’s patterns of care and
survival outcomes was performed. 
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Patients and Methods

We included 51 unselected, consecutive patients with lung cancer
who received palliative thoracic radiotherapy without concomitant
systemic treatment at a single academic teaching hospital during the
time period June 2007-2016. Minimum age was 80 years (maximum
90 years, median 83 years). Typical fractionation regimes were two
fractions of 8.5 Gy (day 1 and 8), 10 fractions of 3 Gy or 15 fractions
of 2.8 Gy prescribed to the International Commission on Radiation
Units & Measurements reference point. However, other fractionations
were also prescribed for some patients. Stereotactic radiotherapy was
not included in the present study. Typically, a 3-5 field 3-D conformal
beam arrangement was used, without inclusion of uninvolved lymph
node regions. The treating physician who was responsible for
dose/fractionation also recorded each patient’s medical history and
Eastern Cooperative Oncology Group performance status (ECOG PS)
at pre-treatment consultation. On the same day, blood tests were
analyzed. Comorbidity was retrospectively scored by use of the
Charlson comorbidity index, a validated and widely used tool (18).
All medical records, treatment details and information on date of
death or last contact were available in the hospital’s Electronic Patient
Record system. At the time of analysis, 45 patients had died and six
were still alive.The median follow-up for all living patients was 5
months, range=2-12 months. Survival time was measured from start
of radiotherapy. IBM SPSS Statistics 23 (IBM Corp., Armonk, NY,
USA) was employed for all statistical analyses. Actuarial survival
curves were generated by Kaplan–Meier method and compared by
log-rank test. The prognostic impact of all baseline variables included
in Table I and the Results section was analyzed (intention-to-treat
principle for radiation dose, i.e. number of prescribed rather than
completed fractions). For multivariate analysis of survival, Cox
regression analysis was used (backward stepwise method).
Associations between different variables of interest were assessed
with the chi-square test (when appropriate, Fisher exact probability
test). A p-value of 0.05 or less was considered statistically significant.
Two-tailed tests were performed. 

Results

Forty-nine patients (96%) were treated for NSCLC. The
median time from initial radiology diagnosis was 2 months
(range=0-74 months). Thirty-five patients (69%) received
up-front radiotherapy within 3 months of diagnosis. The
others were treated with different other approaches first.
Nineteen patients (36%) had stage IV disease, with median
time from diagnosis of metastases of 1 month (range=0-25
months). Progression of metastases was recorded in 13
patients (25%). The median Charlson comorbidity index was
2 (range=0-7, presently treated lung cancer excluded). A
diagnosis of diabetes mellitus was present in 20%,
myocardial infarction in 24% and chronic obstructive
pulmonary disease in 25%. Further baseline characteristics
are shown in Table I. 

Eight patients (16%) were unable to complete the
prescribed radiotherapy regimen. Four of these were assigned
to 10 fractions, three to two fractions and one to 14 fractions.
Median actuarial survival was 3.4 months and 20% of the

in vivo 32: 331-336 (2018)

332

Table I. Baseline characteristics before palliative thoracic radiotherapy.

Characteristic                                         Characteristic                 N (%)

ECOG performance status                               0                          2 (4%)
                                                                          1                        13 (25%)
                                                                          2                        16 (31%)
                                                                         ≥3                       20 (39%)
Family status1                                              Single                    23 (45%)
                                                                    Married                   26 (51%)
                                                                     Partner                      1 (2%)
Gender                                                           Male                     30 (59%)
                                                                     Female                   21 (41%)
Histology                                                   Small cell                   2 (4%)
                                                               Non-small cell             49 (96%)
More than 1 cancer diagnosis                        No                       36 (71%)
                                                                        Yes                      15 (29%)
Total no of TV in RT course              1 (Thoracic only)           45 (88%)
                                                                          2                          4 (8%)
                                                                         ≥3                         2 (4%)
Selected RT regimens, ITT                       2×8.5 Gy                  25 (49%)
                                                                    10×3 Gy                  11 (22%)
                                                                 12-13×3 Gy                5 (10%)
                                                                 14-15×3 Gy                 3 (6%)
                                                                  15×2.8 Gy                  5 (10%)
                                                            10×3.5 or 3.75 Gy            2 (4%)
Incomplete RT                                                No                      43 (84%)
                                                                        Yes                       8 (16%)
Metastatic disease                       Patients without (stage III)   32 (63%)
                                                            One organ system          13 (25%)
                                                    Two or more organ systems   6 (12%)
Metastasis                                             Lung metastasis             8 (16%)
                                                     Pleural effusion/metastasis   13 (25%)
                                                      Adrenal gland metastasis      6 (12%)
                                                             Brain metastasis              3 (6%)
                                                             Liver metastasis              1 (2%)
Progressive disease outside TV                       No                       38 (75%)
                                                                        Yes                      13 (25%)
Nodal stage                                                     N0                        6 (12%)
                                                                        N1                        6 (12%)
                                                                        N2                       31 (61%)
                                                                        N3                        8 (16%)
Systemic cancer treatment                              No                       45 (88%)
                                                                  Before RT                  6 (12%)
Supplemental oxygen use                               No                       48 (94%)
                                                                        Yes                        3 (6%)
Serum C-reactive protein1                          Normal                   11 (22%)
                                                        Elevated but <30 mg/l       18 (35%)
                                                                  30-90 mg/l                13 (25%)
                                                                   >90 mg/l                   7 (14%)
Leukocyte count1                                        Normal                   27 (53%)
                                                       Elevated (>11.0×109/l)2      23 (45%)
Thrombocyte count1                                   Normal                   32 (63%)
Normal                                            Elevated (>400×109/l)3      16 (31%)
Hemoglobin                                                 Normal                   20 (39%)
                                                                      Low2                     30 (59%)
Opioid analgetics                                            No                       36 (71%)
                                                                        Yes                      15 (29%)
Smoking history1                                          Never                     5 (10%)
                                                                     Current                   12 (24%)
                                                                       Past                      30 (59%)

RT: Radiotherapy, ITT: intention to treat, TV: target volume. 1Missing
information in some cases; 2<11.7 g/dl (females) and <13.4 g/dl (males),
institutional lower limit of normal; 3institutional upper limit of normal.



patients were alive at 1 year. Twelve patients (24%) received
radiotherapy shortly before they died, i.e. in the final 30 days
of life. In terms of overall survival, no advantage was seen for
30 Gy over 17 Gy. However, a significantly better outcome
was observed after higher doses (Figure 1). Median overall
survival according to radiotherapy group was 2.4, 2.6 and 11.8
months (p=0.004), respectively. In the group treated with >30
Gy, 33% had stage IV disease, not significantly different from
the groups treated with lower doses (39% for 17 and 30 Gy
combined). However, ECOG PS was significantly different (0
or 1 in 53% of patients who received >30 Gy as compared to
19% when lower doses were prescribed, p=0.02). 

By univariate log-rank test, a total of eight parameters
were significantly associated with survival: regimen
(p=0.004), ECOG PS (p=0.00001), N stage (p=0.03),

pleural effusion/metastasis (p=0.001), progressive distant
metastasis (p=0.02), use of opioid analgesics (p=0.007),
serum C-reactive protein (p=0.008) and leukocyte count
(p=0.001). These were entered into a multivariate Cox
regression analysis. Despite correlations between
fractionation and ECOG PS, both remained associated with
survival (Table II). Serum C-reactive protein and leukocyte
count also contributed independent information. 

For 14 patients with ECOG PS 0-2, normal leukocyte
count and serum C-reactive protein <30 mg/l (i.e. all three
favorable prognostic factors), radiotherapy with 17 Gy or 30
Gy resulted in a median survival of 6.8 months (n=6),
whereas higher doses resulted in survival of 15.2 months
(n=8), p=0.056. All patients alive after more than 24 months
had received total doses above 30 Gy.
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Figure 1. Actuarial overall survival according to palliative thoracic radiotherapy (Kaplan–Meier estimates, log-rank test, p=0.004). Median survival
of 2.4, 2.6 and 11.8 months, respectively.



Discussion

This retrospective analysis suggests that octogenarians with
lung cancer who received palliative thoracic radiotherapy had
limited median survival and a relatively high risk associated
with receiving radiotherapy in the last 30 days of life.
Nevertheless, approximately 10% of the patients were alive
3-5 years after treatment. Therapeutic nihilism is therefore not
recommended. The role of radiotherapy with 30 Gy in a 10-
fraction regimen appears questionable because two fractions
of 8.5 Gy resulted in comparable survival and is more
convenient to patients. Previous analyses, which were not
limited to particular age groups, but often to NSCLC,
suggested that symptom palliation could be achieved with
low doses of radiation, e.g. 17 Gy in two fractions of 8.5 Gy
(19), and that efficacy was not improved with higher doses
(20, 21). Most studies reported no impact of EQD2 or
fractionation regimen on median survival. However, there
was uncertainty about 1- and 2-year survival rates, which
appeared better when higher radiation doses were prescribed,
at least in patients with better baseline prognostic features.
Recently, Janssen et al. reported that regimens with EQD2 of
47-52 Gy resulted in 2-year survival rates of 20%, whereas
lower doses (31-46 Gy) resulted in approximately 15%
(estimated from the published Kaplan–Meier graphs) (22). A
Dutch randomized study with 303 patients with NSCLC
found significantly improved survival after 10 fractions of 3
Gy compared to two fractions of 8 Gy (23). One-year survival
was 20 versus 11%. The survival difference was driven by
patients with performance status 0-1. 

Van Oorschot et al. reported on 120 patients with NSCLC
treated with 13-15 fractions of 3 Gy (24). The median
survival of patients overall was 5.8 months. Those with non-
metastatic disease survived significantly longer than patients
with metastatic disease (median=11.7 months vs. 4.7 months,
respectively). In the multivariate analysis, good general
condition, non-metastatic disease, and a stable or improved
general condition at the end of radiotherapy were significant.
Schröder et al. compared two standard regimens used at their
institution for palliation of SCLC and NSCLC: five fractions

of 5 Gy (EQD2=31 Gy, 126 patients) and 20 fractions of 2.5
Gy (EQD2=52 Gy, 81 patients) (25). No significant survival
difference was observed (median 4.8 vs. 5.3 months,
respectively). 

A study from the Karolinska Hospital, Sweden, included
452 patients with NSCLC aged 80 years or more (4). About
a third each was diagnosed with stages I-II, III and IV. Best
supportive care was given to 209 patients (46%); potentially
curative therapy was administered to fewer than 20% (8%
surgery, 11% stereotactic radiation therapy); and
chemotherapy was given to 51 patients (11%). Median
overall survival was 3.8 months in patients receiving best
supportive care and 11.9 months in patients given any
therapy. Data for palliative thoracic radiotherapy were not
specified. Lee et al. surveyed radiation oncologists regarding
their recommendations for treatment (chemoradiation,
radiation alone, chemotherapy alone, or no therapy) for
hypothetical patients with stage IIIB NSCLC who differed
by age (55 vs. 80 years) and comorbid illness (none,
moderate, or severe chronic obstructive pulmonary disease)
(26). There was substantial variability in recommendations
for an 80-year-old with moderate or severe chronic
obstructive pulmonary disease. These data reflect the paucity
of prospective studies for octogenarians, resulting in
uncertainty about the optimum treatment approach. 

Our policy was to discuss all patients in our
multidisciplinary Lung Tumor Board and prescribe palliative
thoracic radiotherapy when this was the consensus. Other
options such as surgery, chemoradiation (27) or high-dose
radiotherapy (7, 8) were available and selected for
appropriate patients. The actual study population was
relatively inhomogeneous, even if most patients had NSCLC,
stage III disease, and received upfront radiotherapy without
preceding systemic treatment. In addition, the number of
patients was limited. Radiation dose and fractionation were
not assigned randomly, but rather according to physicians’
choice and taking into consideration different baseline
parameters. The impact of radiation dose on survival was
larger than expected and persisted in multivariate analysis.
Nevertheless, residual bias cannot be excluded. Cachexia,
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Table II. Results of the multivariate Cox regression analysis with endpoint of overall survival.

Baseline parameter predicting survival                                                             B                    SE                Wald              df              Exp(B)          p-Value

ECOG PS, 3 strata                                                0/1 vs. 2 vs. 3/4                 0.775               0.255               9.22               1                 2.17              0.002
Serum C-reactive protein                                    <30 vs. ≥30 mg/l                0.409               0.177               5.34               1                 1.50              0.021
Leukocyte count                                                Normal vs. elevated             0.798               0.337               5.60               1                 2.22              0.018
Prescribed dose                                                     ≤30 vs. >30 Gy                −1.440              0.472               9.30               1                 0.24              0.002

ECOG PS: Eastern Cooperative Oncology Group performance status.



differences in size of the gross tumor volume, number of
involved nodal levels and difficulty in adhering to lung dose
constraints might have been reasons to prescribe lower doses
of radiation. In addition, development of distant metastases
is a competing cause of death in those with stage III disease.
Mutation status [epidermal growth factor receptor (EGFR),
anaplastic lymphoma kinase (ALK) etc.] might also
contribute to confounding results because increased survival
can be caused by administration of targeted systemic therapy
during follow-up. It is therefore necessary to embark on
prospective controlled studies in octogenarians. These should
also include toxicity and quality-of-life endpoints. Further
studies are also required to firmly establish the prognostic
impact of serum C-reactive protein and leukocytosis. These
parameters outperformed N and M stage in our analysis.  

Palliative radiotherapy is a well-established, widely used
means of providing symptom improvement and, in selected
patients with less advanced disease, increased overall
survival (28, 29). This treatment is often associated with
improved quality of life and functional independence.
However, incorrect expectations about the remaining lifespan
might result in prescription of overly aggressive treatment
near the end of life (30). Koshy et al. queried the US
National Cancer Database from 2004 to 2012 for patients
with stage IV lung cancer who received palliative chest
radiation therapy (31). They reported that approximately half
of all patients with metastatic lung cancer received a higher
number of radiation fractions than recommended in
guidelines. If the patient and the radiation oncologist
mutually agree that symptom palliation, e.g. of hemoptysis,
should be attempted even where the remaining lifespan is
limited to a couple of weeks, a 10-fraction regimen would
not be prescribed in our clinical practice. The benefits of
palliative care should always be discussed in patients with
limited lifespan. 

Conclusion

For many patients, palliative radiotherapy is not expected to
prolong survival. Therefore, care should be taken in
assigning the right fractionation regimen in order to avoid
lengthy treatment courses when survival is limited. The
inconvenience and acute toxicity associated with higher
radiation doses should not prevent clinicians from
considering regimens with EQD2 >33 Gy in patients with
favorable prognostic features who might benefit from tumor-
growth arrest in terms of survival beyond 2 years. The role
of regimens with intermediate EQD2, such as 30 Gy in 10
fractions of 3 Gy, is less clear. 
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