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ABSTRACT

BACKGROUND

Homogeneity Index (HI) is a measurement used in conformal radiotherapy to evaluate the uniformity of dose distribution in the
treatment volume. There are many controversies existing in the clinical usage of Homogeneity Index like the ideal formula to be
used to calculate it, which type of radiotherapy (3DCRT/IMRT/SRS) can be evaluated using HI and what its clinical implication is.
Even though the ultimate aim of radiation treatment is to improve local control and survival of the patient, there is scarcity of
literature as to whether Homogeneity Index has any direct impact on patient survival

MATERIALS AND METHODS

This retrospective cohort study of 50 patients with head and neck tumours were treated with radical IMRT with concurrent
chemotherapy were retrospectively analyzed. Homogeneity Index was calculated using 5 standard formulas and each was
correlated with 3-month response rates and local recurrence free survival. Cox regression analysis and multivariate analysis were
done to assess the survival and response rates respectively.

RESULTS

When analyzed together, none of the homogeneity indices showed any direct impact on survival or response rates in patients
which were statistically significant. But subgroup analysis showed that when divided into sub sites, the homogeneity index
calculated by (D5-D95)/Dp was statistically significant in predicting the local recurrence free survival. The impact of the value on
survival when divided into individual sub sites were not analyzed as the sample size was too low.

CONCLUSION

HI calculated in this study by D5-D95/Dp seems to be the most statistically significant in predicting the local recurrence rates. But
the real clinical impact of Homogeneity Index as a clinically important value still remains doubtful and it still does not warrant the
status of a standalone value to evaluate plans.
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BACKGROUND

The treatment of Head and neck squamous cell carcinomas
with radiotherapy presents a unique challenge in the field of
Radiation Oncology. The shape of the target volumes,
proximity to multiple critical organs and the dose response
relationship all have led to the fact that head and neck
carcinomas are one of the most common sites of application
of advanced radiotherapy planning techniques. From
conventional 2D techniques to proton therapy, the prompt
application of newer technologies have seen to the
improvements in survival rates and reduction of normal
tissue toxicities in head and neck cancers.
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In India, head and neck cancers (Oral Cavity, Pharynx and
Larynx) form the second most common malignancy in the
population comprising of 14 percent of the total cancer
burden.! The higher incidence of tobacco related
malignancies and the advanced stage of presentation
necessitate the use of radical concurrent chemo radiation as
the treatment of choice for most laryngeal and pharyngeal
cancers in our population. For minimization of toxicity while
delivering tumouricidal doses, IMRT has emerged as the
standard of care in head and neck cancers with some studies
and a SEER database review suggesting survival advantage
with IMRT.2

The physical goal of stereotactic radiosurgery (SRS) is to
deliver a prescribed dose of radiation to the target geometry
in as conformal a manner as possible, while spilling as little as
possible into the surrounding normal tissue. The dosimetric
indices like conformity index and homogeneity index were
designed with the primary aim of comparing different plans
for treating the same patient. They are extensively used in
evaluation of highly conformal radiotherapy like in Cyber
knife and Stereotactic Radiotherapy (SRT) but can also be
also used to compare plans in other conformal treatments
also. While Conformity indices (CIs) have been used to
quantitatively evaluate the degree of dose conformity,
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Homogeneity Index (HI) has been described as an objective
tool to analyse the uniformity of dose distribution in the
target volume.

Conformity Index (CI) is commonly used to evaluate the
acceptability of a plan. Conformity Index was initially
described in ICRU 62.3 It is a complementary tool that
attributes a score to a treatment plan or that can compare
several treatment plans for the same patient. As the main aim
of conformity Index is to compare plans for the same patient,
in this Retrospective Descriptive study, conformity index has
not been considered for comparison. But all plans included in
the study had acceptable CI.

Radiation Therapy Oncology Group (RTOG) proposed
guidelines for routine evaluation of stereotactic radiotherapy
(SRT) plans based on several parameters, one of which was
Homogeneity Index (HI). If the HI was <2, treatment was
considered to comply with the protocol, if between 2 to 2.5, it
was considered as minor violation, but if the index exceeded
2.5, the violation of the protocol was considered to be major,
but might nevertheless considered acceptable.# Even though
this index was developed initially to evaluate highly
conformal plans, application of the HI in evaluation of
Intensity modulated Radiotherapy (IMRT)>7 and 3
dimensional conformal radiotherapy (3DCRT)8 has been done
in literature with different results. The ideal formula to
calculate homogeneity index is also still in question. Various
definitions and formulae have been described in literature by
various authors and organizations, none has been described
as ideal or near ideal for calculating HIL.

Different formulae defined for calculation for homogeneity

index are-

1. HI = Ds/Dos; where Ds= minimum dose in 5% of the
Planning Target Volume (PTV), indicating the “maximum
dose”, and Dos = minimum dose in 95% of the PTV,
indicating the “minimum dose.”®

2. HI=D2-D9s/Dpx100; where Dz = minimum dose to 2% of
the target volume indicating the “maximum dose”, Dog =
minimum dose to the 98% of the target volume,
indicating the “minimum dose” and Dp= prescribed
dose.10

3. HI =Dmax/Dmin; where Dmax and Dmin represent the
maximum and minimum point dose in the target volume
respectively.

4. HI: Ds-Dos/Dpx100; where D5 and D95 are the
minimum dose in 5% and 95% of the target volume and
Dp is the prescribed dose.

Need for the Study

There are various formulae described in different studies and
none of them has been described as the standard for
calculation of Homogeneity Index. Moreover, HI has always
been described as a dosimetric parameter. It has always been
used to compare treatment plans, different machines or
different treatment techniques (e.g.: IMRT vs. Tomotherapy)
etc, while assuming that a more homogenous plan will
ensure better treatment delivery and in turn, assure better
tumour control. But there is paucity of data relating this
commonly used Index with tumour control and survival of
the patient, which is the ultimate aim of treatment. This study
tries to answer this question. We have analysed patient data
to find out whether a better Homogeneity Index can in fact
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ensure better tumour control and translate this to survival
benefit to the patient or should it continue to be used as a
technical, dosimetric term only.

MATERIALS AND METHODS

This retrospective cohort study of 50 patients with
inoperable loco regionally advanced squamous cell
carcinoma of oropharynx, supraglottic larynx and
hypopharynx treated with IMRT from 2103 to 2106 were
retrospectively evaluated for the study. The parameters like
age, name, Cancer Registry number, American Joint Cancer
Committee (AJCC) 7th edition stage, histology, radiation
treatment schedule, radiation breaks if any, number of
concurrent chemotherapy received and local control at 3
months after completion of treatment were retrieved from
our tumour registry.

All patients with head and neck cancers were simulated in
supine position after immobilizing with thermoplastic head
and shoulders mask with five fixation points attached to a
carbon fiber plate support. Computed Tomography (CT) axial
slices of 3 mm thickness were acquired for each patient in
treatment position. These images were transferred to Eclipse
treatment planning system (TPS) Varian associates, Palo Alto,
CA, USA workstation, and contouring is done. For each
patient, on the CT images, slice per slice for each of the
following structures were drawn by the oncologist.

Extent of Gross tumour volume primary (GTVP) is drawn
based on clinical and CT findings. A margin of 1 cm is added
to GTV to create clinical target volume of primary (CTVP).
Another 5 mm margin is given for setup uncertainty to create
planning target volume (PTVP). Nodal regions are delineated
as per the DAHANCA (Danish Head and Neck Cancer Group),
RTOG (Radiation Therapy Oncology group), and EORTC
(European Organization for research) and Treatment of
Cancer consensus guidelines for delineation of nodal regions
2013 update. PTV1 (planning target volume 1 which includes
gross primary and nodal disease with proper margins)
receives 66-70 Gy in 30-33 fractions while the PTV2
(Planning target volume 2 which includes uninvolved nodal
levels) receives 50-54 Gy in 30-33 fractions.

The contouring of target volumes and the treatment plan
of the subjects was extracted from the treatment planning
system and reviewed.

The Dose Volume Histograms (DVH) of these plans were
reviewed and the necessary data for calculation of
Homogeneity index (HI) with the following formulae was
extracted.

Outcome Measurement

Data Management and Statistical Analysis

Collected data was coded and entered in Microsoft Excel
sheet and analysis was done using SPSS software. Histology,
pathologic grade, maximum tumour diameter, maximum
nodal diameter, stage, radiation breaks, number of days to
complete radiation treatment and number of concurrent
chemotherapies received were considered as confounding
factors and were assessed using Cox regression model. The
impact of HI on local control was assessed using Chi Square
Test. P value less than 0.05 was considered as significant. A
subgroup analysis for the 3 individual sub sites and their
relation to HI was also be done.
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Ethical Consideration

The only ethical consideration in this study is regarding the
confidentiality of the data collected and so individual consent
from each patient has not been obtained. Patients have been
informed on phone about the study and permission taken for
data collection. Permission has been obtained from the Head
of the Department of Radiotherapy to conduct this study.

RESULTS

50 patients were included in the study. The median age at
presentation was 58 years. 13 patients were treated for
carcinoma hypopharynx, 26 for carcinoma oropharynx and
11 patients were treated for carcinoma larynx.

Site
Frequency Percent
Hypopharynx 13 26
Oropharynx 26 52
Larynx 11 22
Total 50 100
Table 1. Distribution of Patients by Subsite

The mean tumour size was 3.68 cm and the mean size of
the largest node was 1.6 cm. 35 patients (70%) presented in
stage IVA while the remaining was of stage 3. The most
common histological grade of squamous cell carcinoma was
grade 2, in 64 % patients while 28 % had grade 1 and 6 %
had grade 3 disease. 1 patient had non-squamous histology.

36 % patients had 3 cycles of neoadjuvant chemotherapy.
The most common site in patients who received neoadjuvant
chemotherapy was hypopharynx. 30 % patients received 2
cycles and 30 % received no neoadjuvant chemotherapy.
Majority of them were given concurrent weekly cisplatin
except 2 patients who didn't receive concurrent
chemotherapy due to comorbidities. The median number of
concurrent chemotherapy cycles received was 5.

Among the IMRT schedules, 23 patients received 66
Gy/30 fractions while 26 received 70 Gy in 33 fractions. 1
patient received 60 Gy in 28 fractions.

Response rate at 3 months was analysed by RECIST
criteria 1.111 (CR= Complete Response, PR =Partial
Response). All patients had at least partial response with
objective response rate of 100 %.

Response at 3 Months
Frequency Percent
CR 43 86
PR 7 14
Total 50 100

Table 2. Response at 3 Months Post Treatment
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Response at 3 months

ECR

= PR

Figure 1. Response at 3 Months Post Treatment

Till the end of study period, 16 patients were found to
have recurrences .8 patients each had nodal and local failures.

Recurrence
Frequency Percent
No 34 68
Yes 16 32
Total 50 100
Table 3. Recurrence Rates

In the 16 patients who had recurrence, 7 were having
partial response and 9 had complete response. All 7 patients
who had partial response at 3 months had recurrence.

Chi square tests revealed statistically significant
correlation between response rates and recurrence
(p=0.000) but did not reveal any significant correlation of
recurrence with sub site, stage, size of node/ primary or the
schedule of RT used.

Kaplan Meir estimate revealed a mean survival of 68 % at
the end of study period.

Homogeneity indices were calculated by the formulae as
mentioned above and was correlated with the recurrence free
survival and response rates at 3 months.

Point-biserial correlation was used to analyse the
correlation between responses at 3 months vs. the
homogeneity indices. No statistically significant correlation
was seen between any of the values of HI calculated by
various formulae and the response rates. P value for all 4
indices > 0.05

Cox regression was used to analyse the relation between
recurrence free survival rates and the homogeneity indices.
Here also, no statistically significant correlation was seen. P
value for all 4 indices > 0.05.

. 95.0% CI for Exp (B)
B SE Wald | df | Sig. Exp (B) Lower Upper
HI=Dmax/Dmin -.986 .652 2286 | 1 | 131 .373 104 1.339
Hi=Ds/Dos -171.772 119.453 2.068 | 1 | .150 .000 .000 1.198E27
HI = D2-D9g/Dpx100 -.206 5.096 .002 1 | .968 814 .000 1.771E4
HI: Ds-Dos/Dpx100 218.831 145.897 2.250 1 | 134 1.089E95 .000 1.678E219
Table 4. Cox Regression Analysis between HI and Recurrence Free Survival

A planned subgroup analysis was done by dividing the
patients into subgroups based on the subsite of the disease.
The subsite of the disease was used as a covariate in cox
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regression analysis. The results show that there was a
statistically significant correlation between the homogeneity
indices calculated by D5-D95/ Dp and D5/D95 and the
recurrence frees survival (P value =0. 046)
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B SE | Wald | df | Sig. |Exp (B)
HI =Do2-
HI: Ds- 7.905E+
Dos/Dpx100 296.798|148.427| 3.999 | 1 | .046 128

HI=Ds/Dos |-226.816/116.656|3.780 | 1 | .052 | .000

HIEDmax/ |y 470 | 1120 | 1723 | 1 | .189 | 230
Dmin
Table 6. Cox Regression Analysis between HI and Survival
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Figure 2. Kaplan-Meir Survival Curve for Local
Recurrence Free survival by Sub Sites

Cum. Survival = Cumulative Survival
LRFS= Local Recurrence Free Survival
Site Num. 1- Oropharynx, Site Num. 2- Larynx, Site Num. 3 =

Hypopharynx

The significance of individual sub sites on survival rates
could not be calculated as the study was not powered to do
So.

DISCUSSION

The improvements in radiation therapy planning and
delivery have led to the increasing use of Homogeneity Index
as a measure of the efficiency of a radiation plan and is often
used as the last decision-making tool when comparing two
plans which meet all the other requirements of the oncologist
and the physicist/dosimetrist. The clinical implication of HI
has never been validated and overdependence on such a non-
validated tool to make decisions which have direct clinical
implication is not advisable. This study attempts to validate
the direct impact of HI on recurrence free survival in head
and neck cancer patients treated with IMRT. IMRT and not
stereotactic radiation therapy (SRT) was chosen for this
study because IMRT is more commonly used in radical
treatment of patients than SRT especially in head and neck
cancer patients.

Survival estimates for patients treated with SRT would
not lead to meaningful results as it is mostly indicated in
metastatic lesions.

The baseline characteristics of patients were in
accordance to the institutional and regional averages.
Majority of patients were having carcinoma oropharynx, and
most were tobacco related. Some patients received
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neoadjuvant chemotherapy (Mostly in hypopharyngeal
cancers) and almost all received concurrent chemotherapy.

At 3 months post RT, all patients had at least partial
response. Response rates at 3 months were significantly
correlated with relapse free survival with partial responders
having worse survival than complete responders. All 7
patients who had partial response at 3 months had
recurrence by the end of study period. But no significant
correlation was seen with sub site, stage, size of node/
primary or the schedule of RT used. By the results of this
study, it is seen that complete response to RT is the most
important factor influencing survival in head and neck cancer
patients regardless of site, size and stage.

Homogeneity Indices were calculated using various
formulae which are commonly used in in clinical practice.
These formulae have been validated dosimetrically10.12 but
clinical validation has not been attempted, probably because
these formulae were developed for dosimetric comparison
only. The study by Kataria et all? states that increasing the
prescribed dose improves the homogeneity index which may
translate into a better clinical outcome by dose escalation but
a direct correlation has never been established .

No statistically significant correlation was seen between
response rates or recurrence rates with HI calculated by any
formulae in the study. This implies that when taking head and
neck malignancies as a whole, homogeneity index is not a
clinically valid surrogate for improved patient survival. Thus,
while it may be used to compare different plans for the same
patient, it cannot be used as a predictive factor.

The validation and justification of many newer treatment
modalities is done dosimetrically by comparing the
homogeneity indices alone.13 The results of this study also
points at the dangers of such comparisons .But as each
patient’s disease is a myriad of different factors which
influence the results of treatment and because no patient can
be treated with two different plans to compare outcomes, we
are left with such indices only to select a better treatment
plan. But still it must be remembered that a plan with a better
homogeneity index is not necessarily a better plan.

Cox regression was used with the sub sites as subgroups
to perform subgroup analysis. The results showed a
statistically significant correlation with D5-D95 Homogeneity
Index. This finding may be interpreted to indicate that in
some sub sites, this homogeneity Index may be significantly
correlated with survival. But further conclusions cannot be
drawn from this finding. This study was not designed to
evaluate the impact of homogeneity indices on individual sub
sites or the impact of different homogeneity indices on each
sub site. Various other confounding factors like difference in
size of lesion by sub sites and difference in proximity to
organs at risk across sub sites may also influence this finding.
Further studies powered to estimate the impact of these
indices across different sub sites will have to be undertaken
to further determine the implications of this finding and to
identify the specific sub site and the specific Homogeneity
index valid in the sub site.

Limitations of the Study

The study was conducted retrospectively with only 50
patients and varying sub sites of primary. As the results of
this study indicate that the correlation between recurrence
and homogeneity index might be valid in selected sub sites,
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larger studies which are sub site specific studies would be
advisable to clarify this issue.

CONCLUSION

There is no direct impact of Homogeneity Index calculated by
any of the commonly used formulae on response to treatment
or recurrence rates. This study rules out the utility of
Homogeneity Index as a predictive factor for response or
recurrence rate. The use of HI as a dosimetric tool needs
further evaluation in larger trials.
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