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Abstract

Two programs within the Section of Outreach Physics, Department of Radiation
Physics, The University of Texas M.D. Anderson Cancer Center, provide quality assurance
and quality audit to 1240 radiotherapy facilities, 80% of all facilities in the USA and Canada.
These programs have been in existence since 1968. The backbone of both programs is a
routine postal TLD program for both photon and electron beams. Discrepancies identified by
the TLD are resolved by phone conversations with the participating physicists, follow-up TLD
and, if necessary, an on-site review of the facility by one of our physicists with a portable
dosimetry system.

The Radiological Physics Center (RPC) program has additional quality audit activities
including periodic on-site review of the participating facilities, regardless of the postal TLD
results, to verify the quality of the dosimetry data used clinically. The on-site visit includes a
review of basic data such as output factors, depth dose data, off-axis factors, etc., to verify the
institution's data and its consistency with other machines of the same make and model. To
assess the quality of treatment planning, the local physicist is asked to plan the treatment for
typical "benchmark" test cases, with data and methods which are used clinically. At each step
of the dosimetry process, the reviewing physicist and the local physicist work together to
resolve any results which seem to be discrepant.

One program, Radiation Dosimetry Services (RDS), is a voluntary service-for-a-fee
program dealing with highly motivated and cooperative physicists. The cost is reasonable and
the user chooses the frequency of the TLD, usually monthly, quarterly or semi-annually. The
other program, The Radiological Physics Center (RPC), is sponsored by the USA National
Cancer Institute to monitor all institutions providing megavoltage therapy to patients on
cooperative clinical trials, so participation is mandatory. The results of these two programs
will be presented, and the implications of the different motivations for participation in the two
programs will be discussed.

2. INTRODUCTION

The Section of Outreach Physics, Radiation Physics Department, The University of
Texas M.D. Anderson Cancer Center (UTMDACC) has been involved in remote monitoring
of radiation dosimetry since the late 1960s. There are presently two programs active in
remote quality monitoring: Radiation Dosimetry Services (RDS) with Marilyn Stovall,
Director, and the Radiological Physics Center (RPC) with W. F. Hanson, Director. RDS is a
fee-for-service program in which institutions participate voluntarily. Their major service is a
mailed TLD program to which users subscribe on a monthly, quarterly, semiannual, or
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irregular basis. The RPC is a program funded by the U. S. National Cancer Institute (NCI).
Participation is compulsory for all megavoltage radiation therapy facilities that participate in
cooperative clinical trials funded by the NCI. The RPC services are more comprehensive,
involving mailed TLD, on-site measurements by physicists, review of treatment planning
techniques, and educational efforts. The two programs provide some service to 1240
radiotherapy facilities, 80% of all megavoltage facilities in the U.S.A. and Canada.

The American College of Radiology also has a program which reviews the entire
radiotherapy department or reviews only radiotherapy physics. These programs also could be
considered part of a service network. In the USA we also have several programs that are
regulatory rather than service in nature; including the Nuclear Regulatory Commission (NRC)
and the Joint Commission for Accreditation of Hospital Organizations (JCAHO). I am
qualified to discuss only the RPC and RDS programs. However, I will begin this presentation
with a discussion of philosophy, drawing a clear line between the regulatory agencies and
service programs. I will then discuss the RPC and RDS networks in some detail.

3. PHILOSOPHY

The quality of patient care should be, first and foremost, the interest and concern of the
individual institution. Positive motivation for quality care can come from humanitarian or
ethical considerations to provide quality care or to meet some community standard.
Participation in a quality network may be to verify that one meets this standard. The desire to
participate in cooperative trials is a motivation that has been used effectively in the U.S.A.,
Canada, Europe, and in Latin America to a limited extent. Outreach Physics finds that many
physicists like our programs because of the supportive nature of our activities, particularly
when a problem develops. We are always accessible by phone; if we don't know the answer,
we can usually direct people to someone who does know. Negative motivation can be
provided by regulations, accreditation, codes of practice, and concern over litigation. I
consider these later motivations to be grossly inferior to the former. The ruling philosophy of
the UTMDACC Outreach Physics Network is positive motivation.

Various steps in the quality process have been defined. I would like to define them as I
understand them, again to emphasize my philosophy. Quality control: procedures are
established by the institution to ensure that the patient treatment is correct; these includes
activities such as preventive maintenance, in-service training, etc. Quality assurance:
measurements are taken by the institution to verify that the controls in place are in fact
working; these include output checks on machines, etc. Quality audit: independent
evaluation is done by the institution itself or by an outside entity to verify that the total
treatment meets a local, national, or global standard.

I would also like to discuss a "Network" that goes beyond mere quality audit. This
network should provide a resource to individual institutions to assist them in the
implementation of their quality assurance. In order to optimize the benefits, personnel in the
network should be involved in the practice of radiotherapy. The network should include some
remote monitoring and professionals from the network might even visit the institution to
assess how it implements its quality assurance and quality audit programs. The network
should provide follow-up which includes recommendations based on the visit, resolution of
perceived or real discrepancies identified by the remote monitoring, and closing the loop by
repeat remote monitoring to verify that changes actually improve the situation. Most
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important, all of the activities of the network should have a strong component of education
and training. It is the expressed intent of the UTMDACC Outreach Physics Section to help
every institution find solutions to any problems so that they can meet or exceed the criteria for
acceptable performance.

4. THE NETWORK(S)

Radiation Dosimetry Services (RDS) is a limited network, providing postal dosimeters
with feedback to resolve discrepancies. The service is voluntary and the motivation of most
participants is to assure themselves that they are providing quality calibrations. The
Radiological Physics Center is a more comprehensive network. The activities include on-site
measurements at the participating institutions, mailed TLD as a periodic monitor of the
machine output, and review of reference cases and individual patient treatment records to
verify patient dosimetry practices. During all of these activities, we pursue any discovered
discrepancies, helping the institution to identify the origin of the problem, and helping the
institution to develop a solution that meets the needs and procedures of the institution. Our
physicists are also available, by phone, to respond to any questions on machine calibration,
quality assurance procedures, or patient dose calculations. The motivating force for
institutions monitored by the RPC is their desire to participate in cooperative clinical trials.

4.1 Dosimetry Review Visits

Over the 25 years that the RPC has been in existence, nearly 1150 dosimetry review
visits have been made to 560 radiotherapy facilities. Table 1 lists the activities during a
dosimetry review visit. The RPC physicist interviews the radiation oncologist and physicist to
determine treatment and dosimetry techniques. After patient treatment is completed for the
day, physical measurements on the therapy units are made, and brachytherapy sources are
measured at a convenient time. We evaluate the treatment planning process through the use of
benchmark cases and by reviewing the records of patients under treatment. Our physicist
conducts an exit interview with the physicist and the radiation oncologist to discuss the
findings of the visit and proposed modifications in their dosimetry and/or quality assurance
program. At every step during this process, we make every effort to educate and train physics
and dosimetry personnel.

Table 1: Activities During a Dosimetry Review Visit

Discuss practices with the radiation oncologist and physicist
Measure radiation parameters on therapy units
Calibrate brachytherapy sources
Review benchmark cases and actual patient treatments
Conduct exit interview with oncologist and physicist

The measurements made are listed in Table 2. All measurements are made in the
presence of the institution's physicist and results are determined on the spot. This approach
allows any discrepancies with the institution to be investigated and resolved immediately.
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Table 2: Measurements Made During a Dosimetry Review Visit

Ionization measurements Mechanical Measurements
• verification of chamber factor • light and radiation field alignment
• calibration as a function of field size • distance indicator
• relative depth dose • field size
• wedge and tray transmission • isocenter
• off-axis factors
• verification of inverse square law
• calibration of brachytherapy sources

Today, the mean ratio of the calibration absorbed dose determined by the RPC to that
measured by the institution, is very near 1.00 with a standard deviation of about 2% (see
Figure 1). The distribution is essentially Gaussian. Figure 2 shows the number of beams
within our calibration criteria as a function of time. We see that in 1970 about 70% of all
beams were inside our criteria while today nearly 98% of photons and 95% of electron beams
are within our criteria. Also plotted in Figure 2 are the results of our chamber factor
intercomparisons. The increase in reliability of beam calibration correlates well with the
increase in reliability of chamber factors (increased from 70% in compliance in the mid 1970s
to more than 95% today). The increase in reliability of chamber factors correlates well with
increased usage of secondary standards laboratories, known in the U.S.A. as Accredited
Dosimetry Calibration Laboratories (ADCL). In the 1970s, approximately 100 dosimeters
were calibrated per year by the ADCLs while today in excess of 1,000 dosimeters are
calibrated annually.

Since the RPC review is comprehensive, for more than 90% of institutions, we have at
least one recommendation for the institution to improve its procedures. It also is possible to
combine discrepancies in various parameters to yield a worst case scenario. For more than
25% of the institutions visited, we find at least one worst case which represents a clinical
situation in which the patient could receive a dose different than intended by more than 5%.
So although calibration results are very good, our on-site review does improve the quality of
dosimetry at the majority of the institutions visited.

The postal TLD program is the mainstay of both the RPC and RDS networks. The
RPC provides TLD approximately twice per year while the RDS customers purchase service
on a monthly, quarterly, or semiannual basis. The two programs presently monitor in excess
of 3000 therapy units, evaluating approximately 5950 photon beams and 5800 electron beams
in 1994. For photons, the TLD verifies only output for the standard field; for electrons, the
TLD verifies both output near dm^ and depth dose at one depth between dgo and 620- We
consider the efforts we make to resolve discrepancies to be a crucial component of the postal
TLD system. If the dose measured by the TLD differs from that reported by the institution by
more than 5%, this is considered an apparent discrepancy and we pursue the cause. We
review the institution's submitted data and compare it with previous TLD from the institution.
Next, a phone call is made to the institution's physicist to discuss dosimetry practice, TLD set-
up, and protocol calculations. Repeat TLD are sent to verify changes in dosimetry or to verify
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Figure 1: Histogram of the absorbed dose measured by the RPC, for the reference geometry,
versus that used clinically by the institution. Results are presented from all on-site dosimetry
reviews for both electrons and photons since April 1984.
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Figure 2: The results of dosimeter intercomparisons and beam calibration, performed during
on-site dosimetry visits, expressed as the percent within the RPC criteria, as a function of time.
4.2 Mailed TLD
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the TLD results. If the repeat TLD also are outside the criteria and still no explanation can be
found, a physicist makes an on-site dosimetry review to identify the discrepancy using ion
chamber measurements. Approximately 5% of all TLD checks are outside the ±5% criterion,
however, most discrepancies are resolved by phone, FAX, or mail. Four to six institutions per
year require a visit by a physicist because of discrepancies which cannot be resolved by phone
or FAX.

The TLD programs are designed to identify problems at the 5% level. However.
particularly with the voluntary RDS program, when output checks by TLD are done on a
monthly or quarterly basis, changes in the institution's dosimetry of 3% have been flagged by
the TLD program and a discrepancy uncovered. Again, the primary rule is that our program
(network - if you wish) is intended to not only discover problems at an institution, but to help
the institution discover the origin of the problem and then help them solve the problem.
Although the bulk of our physical effort is in routine activities, the bulk of the mental effort,
and certainly the most enjoyable effort, is spent identifying and helping institutions resolve
dosimetry discrepancies.

4.3 Standard Dosimetry Data

One of the spin-offs of our on-site dosimetry review visits is the vast amount of
dosimetry data accumulated. We have data measured in a consistent fashion on many similar
units. For more than 30 different models of therapy units, the RPC has measurements on 5 or
more machines and for 20 models we have data on 10 machines or more. We do not routinely
search out dmax for photon beams, so our presentation of depth dose data is normalized to
measurements at 5 or 7 cm depth. Tables of all RPC depth dose data were generated for all
units for which we had 5 or more sets of measurements. The minimum, maximum, mean,
standard deviation, and number of machines differing from the mean by more than 1% and 2%
were generated. Table 3 shows the results for the Clinac 18 for which we have more than 50
sets of data. For this unit the standard deviation of the relative depth dose for all units at the 9
measurement points is less than 1%, and no beam deviated from the mean by more than 2%.
The Clinac 18 is one of 19 machines for which the data all show spreads of this magnitude.
No machine/energy combination has a standard deviation exceeding 2%. In general, the
relative depth dose data used clinically by multiple institutions, for a given make and model of
accelerator, have a standard deviation 1.5 to 2.0 times larger than the RPC measured data.
Similarly, RPC measured output factors show a standard deviation which varies from less than
1.0% to a maximum of 1.5%. Data for field size dependence, off-axis factors, and wedge
factors have a larger spread, but we are able to identify trends.

There are two benefits we derive from these data. We recommend that an institution
compare its measured dosimetry parameters with standard data for that make and model of
therapy unit; these standard data typically are available in the literature. If the measured data
disagree with the standard data by more than 2%, we believe that the institution has a
problem. The first suspect, in our experience, is the institution's measurement technique. The
second suspect is that the therapy unit is not operating properly. The second benefit is that we
can review an institution's dosimetry data, compare it with standard data, and identify potential
discrepancies with the institution's clinical dosimetry data. In the past 2 years, we have visited
3 institutions because of questionable dosimetry data and have verified a discrepancy in the
depth dose data used clinically.
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Table 3: RPC-Measured Depth Dose Characteristics for a 10 MV X-Ray Beam from the
Varian Clinac 18. For each field size, the depth dose values are normalized to unity for the
calibration depth (5 cm). Presented for each of the nine field size and depth combinations are
the number of machines, minimum value, maximum value, mean value, standard deviation of
the mean, number of machines varying by more than 2% from the mean, and number of
machines varying by more than 1% from the mean.

Field size (cm
Depth (cm)

6X6.
@io
@15
@20

10 X 10
@io
@15
@20

20X20
@10
@15
@20

x cm)
n

52
49
38

69
67
53

61
59
43

MIN

0.7766
0.6031
0.4684

0.7914
0.6235
0.4907

0.8026
0.6517
0.5234

MAX

0.7916
0.6204
0.4852

0.8056
0.6401
0.5082

0.8248
0.6678
0.5377

Mean

0.7855
0.6116
0.4761

0.7999
0.6326
0.4989

0.8164
0.6604
0.5314

Std. Dev. (%)

0.0031
0.0038
0.0038

0.0027
0.0034
0.0036

0.0033
0.0030
0.0029

(0.4)
(0.6)
(0.8)

(0.3)
(0.5)
(0.7)

(0.4)
(0.5)
(0.5)

#>2

0
0
0

0
0
0

0
0
0

(0.0)
(0.0)
(0.0)

(0.0)
(0.0)
(0.0)

(0.0)
(0 0)
(0.0)

#>1

1
5
8

1
7
7

3
3
4

% (%)

(1.9)
(10.2)
(21.1)

(1.4)
(9.0)
(13.2)

(4.9)
(5.1)
(9.3)

4.4 Benchmark Cases and Review of Patient Dosimetry

Since the beginning, the RPC has been reviewing the radiotherapy treatment records of
patients entered onto the clinical trial protocols that we monitor. The dose delivered to the
protocol prescription point is calculated and compared with the dose reported by the
institution on the protocol reporting forms. Agreement within ±5% is considered acceptable.
If our calculation disagrees with the institution by more than 5%, the records are reviewed in
detail to discover the origin of the discrepancy. The institution is then contacted by letter or
phone to discuss and correct the discrepancy.

I would like to make two observations concerning these reviews: 1) We recently
began a data base of dosimetry problems encountered. We have identified 60 problems which
resulted in dose discrepancies exceeding 5%. Half of these we identified as systematic
discrepancies that impact on more than one protocol patient and probably adversely affect
non-protocol patients at the institution. Thus our review has a positive effect on more than
just protocol patients. 2) Our patient review efforts improve cooperative group data. Table 4
is an analysis of the discrepancies noted during this treatment record review. Results cover
approximately 6 years of experience and include the review of, on average, 2 points of
calculation on 13,500 patients. Note that for 99% of the patients, the RPC and institution are
able to agree, within ±5%, on the dose at the prescription point. However, for about 2% of
the patients, the institution changes its dose prescription as a result of our review. Also note
that we observe reporting errors on the prescription dose for about 7% of the patients. The
majority of these errors are made because the institution prescribes dose to an isodose line
while the protocol calls for a point dose calculation. Thus our review results in an institution's
revising their calculations for perhaps 2 to 3% of the patients; however, the data available to
the study groups is improved for approximately 15% of the patients (see the bottom right hand
number in Table 4).
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Table 4: Analysis of Discrepancies Noted During Patient Calculations for External Beam
27,562 Points of calculation, 13,552 Patients

Dose revised by
institution
Reporting error in dose,
corrected by RPC
Disagreement in dose
>5% unresolved
Any of above

PER CALCUL

(27,562)
All Sites

515
1.9%
1919
7.0%
420
1.5%
2747
10.0%

ATION POINT

(21,372)
Prescription Sites

319
1.5%
1490
7.0%
154

0.7%
1902
8.9%

PER PATIENT
(13,552)

363
2.7%
1415

10.4%
320

2.4%
1968

14.5%

More recently, the RPC has been asking institutions to calculate the monitor setting
necessary to deliver a given dose to 4 "typical treatments" or benchmark cases. These include
a parallel opposed total brain treatment, a wedged pair (head tumor), a tangential breast
treatment and an AP-PA lung treatment, including the supraclavicular nodes. For the lung
case, we ask for calculations on the central axis and at 2 off-axis points, the lower
mediastinum and the supraclavicular node point. In our review of the benchmark cases, we
use the hard-copy dosimetry data that the institution has for its therapy beam. We use our
own measured off-axis data for that unit and our own estimate of off-axis energy changes.

Our review therefore verifies principally that the institution is consistent in the use of their own
data. The results are listed in Table 5. We see from the table that for all central axis
calculations, discrepancies exceeding 5% occur only 1% of the time; if we tighten the criteria
to 3% agreement, discrepancies occur about 5% of the time. The off-axis calculations,
however, show a much different picture. In this case, nearly 30% disagree with the RPC at
the 3% level and more than 10% disagree at the 5% level. Our experience is that these
discrepancies are due to the fact that the physicist does not understand the dose computation
algorithm in the treatment planning computer, and is using it incorrectly. Frequently,
inappropriate input data are used.

Table 5: Results of RPC Review of Benchmark Radiation Treatment Calculations

Treatment

Parallel-opposed whole brain

Wedged head

Tangential breast

AP-PA lung

Calculation Point

Midplane, central axis

Intersection of axes

NSABP*

Central axis
Off-axis points

Number
of Cases

458

454

115

434
884

Number of
Discrepancies

> 5% > 3%

4 (0.9%) 21 (4.6%)

7(1.5%) 15(3.3%)

2(1.7%) 6(5.2%)

4(0.9%) 21(4.8%)
95 (10.7%) 255 (28.8%)

*The NSABP point is defined to be two-thirds the distance from the apex of the breast to the
baseline, at the center of the baseline which connects the edges of the two fields.
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The next step is to combine the knowledge that we have gained about standard data
for machines and about benchmark cases. We plan to begin sending benchmark cases to
institutions when they first enter onto our program. We will perform our calculations using
our standard data and compare that to the institutions calculations. This will evaluate both the
dosimetry data used and the treatment planning algorithm used by the institution. We believe
that this will be a beneficial addition to our program.

5. CONCLUSIONS

The Outreach Physics Section of M. D. Anderson Cancer Center has two radiotherapy
physics quality assessment networks providing service to more than 1200 radiotherapy
facilities in North America. One network relies principally on postal TLD with follow-up to
resolve discrepancies. The other network is more comprehensive and adds on-site
measurements by a physicist and review of treatment planning practices to the postal TLD
program. Again, comprehensive follow-up and education are important factors in the success
of the program. We offer the following as a suggestion for an effective and cost efficient
network.

Table 6: Suggested Network

• Mail dosimeters (TLD) to verify the basic calibration of the therapy unit.
• Review dosimetry data used clinically to verify that it complies with standard data for the

specific make and model of therapy unit.
• Evaluate benchmark cases to verify the validity of the treatment planning algorithms.
• Provide workshops and educational efforts, including laboratories of routine quality

assurance measurements, as needed.
• Conduct on-site measurements by a physicist to resolve intractable discrepancies.

***A11 of these components must contain mechanisms to resolve discrepancies.

I would like to leave one strong take-home message. Motivation for proper quality
therapy and quality assurance of therapy should arise from within the institution from a higher
human plane than regulation or fear of legal action. We, at this meeting, can make it our job
to find this motivation. In a major program in the U.S.A. and Canada and in a much smaller
program in Latin America, the Radiological Physics Center has found participation in
cooperative clinical trials to be an excellent motivating force.
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