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Background: Historical outcomes in anaplastic thyroid carcinoma (ATC) are poor, with a median survival of
only 5 months and <20% of patients surviving 1 year from diagnosis. We hypothesized that survival in newly
diagnosed patients with stages IVA and IVB locoregionally confined ATC might be improved by utilizing an
aggressive therapeutic approach, prioritizing both the eradication of disease in the neck and preemptive
treatment of occult metastatic disease.
Methods: Between January 1, 2003, and December 31, 2007, 25 new ATC patients were evaluated at our institution. Of these 25 patients, 10 (40%) had metastatic disease at diagnosis and therefore underwent palliative
treatment, whereas 5 (20%) had regionally confined disease and desired treatment at their local medical facilities.
The remaining 10 consecutive patients (40%) had regionally confined ATC and elected aggressive therapy
combining individualized surgery (where feasible), intensity-modulated radiation therapy (IMRT), and
radiosensitizing + adjuvant chemotherapy intending four cycles of docetaxel + doxorubicin. Outcomes were assessed on an intention to treat basis.
Results: There were no deaths from therapy, but hospitalization was required in two patients (20%) because of
treatment-related adverse events. Five patients (50%) are alive and cancer-free, all having been followed >32
months (range: 32–89 months; median: 44 months) with a median overall Kaplan–Meier survival of 60 months.
Overall survival at 1 and 2 years was 70% and 60%, respectively, compared to <20% historical survival at 1 year
in analogous patients previously treated with surgery and conventional postoperative radiation at our and other
institutions.
Conclusions: Although based upon a small series of consecutively treated patients, an aggressive approach
combining IMRT and radiosensitizing plus adjuvant chemotherapy appears to improve outcomes, including
survival in stages IVA and IVB regionally confined ATC, but remains of uncertain benefit in patients with stage
IVC (metastatic) disease. Also uncertain is the optimal chemotherapy regimen to use in conjunction with IMRT.
Further multicenter randomized trials are required to define optimal therapy in this rare but deadly cancer.

develop new treatment approaches. Not surprisingly, therefore, no randomized therapeutic clinical trials have yet been
accomplished in ATC.
In reviewing historical data at our institution seeking
identification of approaches that might be implemented to
improve ATC outcomes, we noted that among 134 new ATC
patients treated at Mayo in our original 50-year series, 13 received combined modality therapy including surgical debulking, postoperative radiation therapy, and doxorubicin

Introduction

A

naplastic thyroid carcinoma (ATC) is a malignancy
with terrible prognosis—only 20% of affected patients
survive 1 year from diagnosis, and median survival is only 5
months (1). Compounding therapeutic progress in ATC is its
rarity. In the 50-year period between 1949 and 1999 at our
institution, on average only two to three new ATC patients
were seen annually (2), making it extremely challenging to
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radiosensitizing chemotherapy (2). Although median survival
among these patients did not differ significantly from the
group as a whole or from those receiving conventional postoperative radiation therapy alone, a greater proportion of patients survived longer than 1 year (23% vs. <10%)—suggesting
perhaps that systemic chemotherapy might have potential to
treat micrometastatic disease and affect improved long-term
survival. Our experience had also been that almost all patients
succumb to metastatic disease even if disease could be controlled in the neck, so it was clear to us that ATC in most all
patients is a systemic disease—even at the time of initial diagnosis. Moreover, it was disheartening to find in our original
series that conventional external beam radiation therapy did
not alter the chances of locoregional tumor recurrence, although it did appear to somewhat delay its development (2).
We therefore postulated that to make progress and extend
survival in ATC, a two-pronged approach would be required
to both more effectively treat locoregional disease while in
parallel preemptively aggressively treating occult metastatic
disease. Hence, beginning in 2003, patients with operable or
inoperable nonmetastatic ATC (stages IV A and B) who desired an aggressive approach were routinely offered and
treated with individualized intensity modulated radiation
therapy (IMRT) and radiosensitizing as well as adjuvant
chemotherapy. IMRT was utilized because of its more favorable dose distributions, allowing optimal dose delivery to the
target volume while minimizing dose to uninvolved organs
including the larynx, esophagus, and lung (3–6). Doxorubicin
was chosen as one of the chemotherapeutic agents to be utilized because of its known activity in advanced ATC and its
radiation sensitizing properties (7–15). A taxane, either docetaxel or paclitaxel, was also chosen to be added to the
doxorubicin and radiation therapy because of reported
promising activity against advanced ATC (16), the established
synergy between taxanes and doxorubicin (17,18) and a
known safety profile with the administration of the combination of doxorubicin, a taxane, and radiation therapy (18,19).
The present report details the long-term outcomes for the first
10 consecutive patients treated in accord with these revised
practice guidelines.
Methods
This retrospective analysis analyzing outcomes from our
practice change was approved by the Mayo Clinic Institu-
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tional Review Board. In accordance with Minnesota state law,
only patients who authorized review of their medical records
for research were included in this report. The medical diagnostic index and Cancer Registry, institutional databases
listing all patient diagnoses, were searched electronically to
identify all newly diagnosed patients with and/or treated for
ATC between January 1, 2003, and December 31, 2007. Patients with undifferentiated thyroid cancers (grade 3/4) not
meeting review criteria for ATC (grade 4/4) were specifically
excluded from this case series. January 2003 was chosen as the
beginning date for the study because this is the date that IMRT
for thyroid cancer was introduced into our clinical practice. A
total of 25 new ATC patients were identified in this 5-year
interval: 10 (40%) presented with distant metastatic disease
and underwent palliative treatment, whereas 5 (20%) presenting with regionally confined disease elected treatment at
their local institutions (Scheme 1).
Of the remaining 10 consecutive patients (40% of all new
ATC patients seen at our institution) all had regionally confined ATC, all were of good performance status, and all were
offered an aggressive approach in accord with our altered
practice guidelines. All 10 elected to proceed with treatment
using IMRT and concurrent chemotherapy at Mayo Clinic (9)
or at another institution under the direction of Mayo Clinic
physicians (1). All 10 patients had tissue confirmation of ATC
by expert thyroid pathologists at our institution. For 8 cases,
pathological material was available for confirmatory rereview conducted by a single expert pathologist (R.V.L.).
None of the 10 patients had evidence of distant metastatic
disease (stage IVC) based on physical examination, routine
labs, and imaging including computed tomography (CT)
scans of the chest and abdomen, and positron emission tomography (PET)/CT. After treatment, patients were usually
seen for follow-up every 3 months for the first 2 years, then
every 6 months for an additional 3 years. Median follow-up
was 36 months.
Our intention was to utilize radiosensitizing chemotherapy
as well as several additional cycles of postradiation therapy
and/or preradiation chemotherapy, to consist of doxorubicin
combined with docetaxel (day 1: docetaxel 60 mg/m2 and
doxorubicin 60 mg/m2 administered intravenously; day 2:
pegylated Filgrastim, 6 mg subcutaneously administered >24
hours after completion of chemotherapy, all administered on
an outpatient basis) (18). Individualization of this chemotherapy regimen guideline, however, was allowed at the discretion

Distribution of ATC Patients seen during study period.
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Table 1. Overall Patient Characteristics
and Chemotherapy Agents Utilized
Patient characteristics
Age in years: median (range)
Gender (male:female)
Stage (IVA:IVB)
Co-existing differentiated thyroid
carcinoma (yes:no)
Extent of surgical resection (R0:R1:R2)

57 (45–83)
7:3
7:3
4:6
4:3:3

Results

Chemotherapy administered (number of patients)
Doxorubicin
Taxane (paclitaxel or docetaxel)
Platin (cisplatin or carboplatin)

In our approach, we deliberately elected to group patients
by tumor stage (IVA and IVB vs. IVC) rather than by extent of
resection. This decision was based upon our prior data indicating that, while tumor stage was as strong predictor of
survival, extent of resection was not (2). Consequently, we did
not eliminate consideration of intended aggressive multimodal therapy based upon incomplete (R1 or R2) resection or
tumor regrowth in the time prior to institution of IMRT.

8
7
4

of treating physicians so as to permit modification in response
to patient medical history (e.g., impaired cardiac ejection fraction and preexisting neuropathy) as well as patient tolerance.
Consequently, heterogeneity in the administered chemotherapy necessarily resulted. Patients received agents as shown in
Table 1, with 7/10 (70%) receiving multi-agent chemotherapy,
but with only 5/10 (50%) receiving docetaxel and doxorubicin
combination chemotherapy as originally intended. Nonetheless, data from all 10 patients are included in this report
using an intention to treat analysis despite this heterogeneity
resulting from individualization of chemotherapy.
The target volume for IMRT was to include any residual
cancer within the thyroid bed and/or regional lymph nodes,
with elective treatment of bilateral level II through VI and mediastinal lymph nodes to the level of the carina. Like chemotherapy, individualization of radiotherapy was permitted. Nine
or 10 fields were utilized with dynamic multi-leaf collimators.
Overall survival estimates were calculated using the Kaplan–
Meier method from the date of pathologic diagnosis of ATC.

Patient characteristics are summarized in Table 1, with
specific individual patient data provided in Table 2. Seven
men and three women were treated; median age was 57 years
(range: 45–83 years). Confirmatory pathological re-review of
the 8/10 available specimens combined with examination of
pathological records confirmed ATC in the absence of background differentiated thyroid cancer in six, ATC arising in a
background of papillary thyroid carcinoma in two, ATC
arising in a background of follicular thyroid carcinoma in one,
and ATC arising with papillary thyroid carcinoma and
squamous cell carcinoma in one. In all four cases of mixed
histology, the anaplastic component was dominant, constituting a major component to the primary tumors and not an
incidentally noted ATC focus. Metastatic disease was excluded by imaging in all patients; CT scans of the chest were
obtained in 8/10 (including abdomen in six) and PET/CT was
additionally obtained in 9/10 patients. All 10 patients were
treated with curative intent.
Surgical intervention included complete resection in four
patients, incomplete resection in five patients (microscopically positive margins in three, debulking procedures with
gross residual disease in two), and biopsy only in one patient.
Of the four patients undergoing complete surgical resection,
one developed a local-regional recurrence in the interval between surgery and initiation of chemotherapy and radiation therapy, thereby leaving only 3 of 10 patients (30%)

Table 2. Specific Patient Characteristics, Therapies, Adverse Effects and Outcomes
Pt.

Age

Gender

Extent of
resection

Extent of
disease

Radiation
therapy

1
2
3
4

45.5
55.4
58.4
62.1

Male
Male
Male
Male

R0
R0
R2
R1

LR
NED
LR
LR

ABID, 64 Gy
SB, 66 Gy
SB, 61.84 Gy
SB, 66 Gy

Con.
Con.
Con.
Con.

5
6

52.2
62.6

Male
Female

R0
R2

NED
LR

SB, 64.5 Gy
C, 70 Gy

Con. PCb
Con. AT

7
8

58.3
55.7

Male
Male

R1
R2

LR
LR

C, 70 Gy
ABID, 60 Gy

Con. C Adj. AT
Con. AT

9
10

83.5
48.4

Female
Female

R1
R0

LR
NED

ABID, 57.6 Gy
C, 59.4 Gy

Con. A
Ind. AT Con.
PCb Adj. AT

Chemotherapy
AT
A
A
T,C

Adverse
effects
None
None
PEG
DVT, PE,
Tater, Hosp.
None
ES, Stiff neck,
Hosp.
None
HC, Pneum.,
FTT
None
None

OS

TTP

Site of first
progression

3.7
52.5
67.9
40.5

1.4
NA
22.8
NA

DM
None
LRR
None

7.03
32.2

2.6
NA

LRR, DM
None

22.1
10.1

2.38
4.1

LRR, DM
DM

89.3
44.4

NA
NA

None
None

Pt., patient (age in years); OS, overall survival in months; TTP, time to progression in months; NA, not applicable; R0, no residual tumor;
R1, microscopic residual tumor; R2, macroscopic residual tumor; NED, no evidence of disease; LR, local-regional disease; ABID, accelerated
twice-a-day; SB, simultaneous boos; C, conventional; Gy, Gray; Con., concurrent; A, doxorubicin; T, docetaxel; C, cisplatin; P, paclitaxel; Cb,
carboplatin; Ind., induction; Adj., adjuvant; PEG, percutaneous enteral gastrostomy tube; DVT, deep venous thrombosis; PE, pulmonary
embolism; Tater, reaction to docetaxel; ES, esophageal stenosis; Hosp., hospitalized during treatment; HC, hemorrhagic cystitis; Pneum.,
grade 3 pneumonitis; FTT, failure to thrive; DM, distant metastasis; LRR, local regional recurrence.
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pathologically free of disease at times of initiation of combined IMRT and chemotherapy.
The median time interval from the date of surgery (or biopsy in the case of one patient) to the date of the first chemotherapy was 23 days (range: 9 to 51 days). Radiation
therapy consisted of accelerated, twice-daily IMRT in three,
once-daily slightly accelerated simultaneous integrated boost
IMRT in four, and once-daily conventional fractionation
IMRT in three. The median time interval from the date of the
first chemotherapy administration to the date of first radiation
therapy treatment was 0 days, with a range of the chemotherapy beginning 28 days before the radiation therapy to 2
days after the first day of radiation therapy. The median
overall radiation therapy treatment time was 42 days (range:
23 to 49 days); median dose per fraction was 2.0 Gy (range: 1.5
to 2.2 Gy). The median number of fractions was 34 (range: 29
to 40 fractions), and the median total dose was 64.25 Gy
(range: 57.6 to 70 Gy). The median time interval from the date
of surgery or biopsy to the first day of radiation therapy was
28 days (range: 9 to 51 days).
Long-term locoregional tumor control was achieved in 7 of
10 treated patients. One patient who developed local and regional recurrence died with local, regional, and distant disease 68 months after the original diagnosis and 45 months
after a course of re-irradiation utilizing hyperfractionated
IMRT (60 Gy in 50 fractions, 1.2 Gy per fraction, over 6 weeks)
and concurrent weekly carboplatin and paclitaxel (six cycles).
Median follow-up for all patients was 36 months (range: 4
to 89 months), with a median overall Kaplan–Meier survival
of 60 months (shown in Fig. 1 compared to 50-year Mayo
Clinic historical outcome data for stages IVA, IVB, and IVC
ATC). At last follow-up, five patients (50%) were alive having
been followed for a minimum of 32 months (range: 32–89
months; median: 44 months) and actual 1- and 2-year overall
survival was 70% and 60%, respectively. The five deaths occurred 4, 7, 10, 22, and 68 months after initial ATC diagnosis—
with distant metastases contributory in all five, and with three
also involving locoregional recurrences.

1.0
0.9
Overall Survival

0.8

IMRT+Radiosensitizing and
Adjuvant Chemo

0.7
0.6
0.5
0.4
0.3

IVA

0.2

IVB

0.1

IVC

0.0
0

12

24

36
Months

48

60

FIG. 1. Overall Kaplan–Meier survival in months. Data for
historical 50-year Mayo Clinic outcomes for stages IVA, IVB,
and IVC anaplastic thyroid cancer are compared to outcomes resulting from our recent practice change combining
intensity modulated radiation therapy with adjuvant and
radiosensitizing chemotherapy. IMRT, intensity modulated
radiation therapy.

There were no treatment-related deaths. Morbidity observed during therapy included one patient who developed a
self-limited reaction to docetaxel consisting of hypertension,
muscle spasms, pelvic pain, diffuse erythema of the skin, and
anxiety that prohibited subsequent taxane use. Another patient treated with doxorubicin and docetaxel developed selflimited acute hemorrhagic cystitis. One patient developed
bilateral deep venous thrombosis of the lower extremities and
a pulmonary embolism, requiring placement of an inferior
vena cava filter and anticoagulation during treatment. Two of
the 10 patients (20%) required hospitalization during concurrent chemo- and radiation therapy, one for a pulmonary
embolism and the other on two occasions, one for nausea and
vomiting early on in treatment and then again near the end of
treatment for percutaneous endoscopic gastrostomy tube
placement, both 1–2-day admissions.
Late adverse effects of therapy and/or disease include one
patient who became both tracheostomy and feeding tube
dependent; one patient who developed grade 3 pneumonitis
(Common Terminology Criteria for Adverse Events, CTCAE,
Version 3.0), which subsequently resolved; one patient who
developed failure-to-thrive, which subsequently resolved; two
patients who developed esophageal stenosis, one of which resolved with dilatation; and one patient who was noted to have
a stiff, fibrotic neck that remains symptomatic but that does not
significantly affect activities of daily living or employment.
Discussion
Historically, the diagnosis of ATC has been almost uniformly a death sentence, with a median survival of 5 months
and only 20% survival 1 year from diagnosis (1–3). ATC
confers among the worst prognosis of any cancer, considerably worse overall than lung cancer, renal cell carcinoma, or
even pancreatic cancer. Surveillance, Epidemiology, and End
Results data indicate a 2- and 5-year survival of 32.7% and
22.9%, respectively, even when the cancer is confined entirely
to the thyroid gland, declining to 16.1% and 10.1%, respectively, in the presence of extracapsular extension; with more
extensive disease, including distant metastases, 2-year survival falls to 2.1% (20).
The present report indicating 70% 1-year and 60% 2-year
survival—and 50% >2.5-year disease free survival with a
median overall Kaplan–Meier survival of 5 years—is therefore extremely encouraging, and represents an apparent improvement over the 4-month median survival (and
superimposed survival curves) we had previously observed
in patients treated historically with external beam radiation
therapy and doxorubicin radiosensitization (2). Although the
number of patients in this series is modest, we believe the
results from our pilot approach to be highly promising.
As to why outcomes in the present series may be superior to
prior/historical multimodal outcomes, interval ‘‘innovations’’
that may be contributory include (i) the advent of IMRT, (ii)
the addition of taxane chemotherapy (to prior anthracyclineonly therapy), and (iii) the use of adjuvant chemotherapy
cycles in addition to only that required for radiosensitization.
As we undertook all three in tandem in the present intervention, it is impossible to separate out individual versus
combined influences of the three. What seems clear, however,
is that these innovations appear collectively to have produced
superior results to those previously attained.
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It is important to acknowledge, however, that outcomes in
our series may be favorably biased by several factors. First, as
patients with overt metastatic disease were excluded, the
present data are relevant only to patients with stages IVA and
IVB locoregionally confined disease at diagnosis. Indeed, we
have not been able to effectively salvage patients with metastatic disease using the present approach. Also, as participants
both chose to follow an aggressive therapeutic approach and
were deemed capable of withstanding such an approach, selection bias may contribute to better outcomes. However, we
report outcomes in 10 consecutively treated patients—with
none excluded—so as to minimize further confounding factors that might otherwise contribute to biased outcomes.
Moreover, these same biases existed in the series of 13 patients
we had historically treated with external beam radiation
therapy and doxorubicin that demonstrated no survival advantage (2).
Although there was individualization, and therefore heterogeneity, of both IMRT and chemotherapy, all 10 consecutively treated patients were included in this report, as we
elected an intention to treat analysis. This report also represents a case series analyzing results from our practice
change rather than a prospective clinical trial; however,
given the rarity of ATC and historically dire prognosis,
mounting a formal clinical trial in the absence of pilot data
proved untenable. Indeed, consistent with our experience
and to the best of our knowledge no prospective randomized clinical trial has yet been conducted in this patient
population.
It is noteworthy also that several recent reports in addition
to our own bolster the hypothesis that the addition of both
radiosensitizing and adjuvant chemotherapy to surgery and
radiotherapy may improve ATC outcomes. Among 30 ATC
patients treated with surgery, radiation therapy and doxorubicin administered concurrently with radiation therapy and
continued thereafter, Swaak-Kragten et al. reported an improvement in 1-year survival from 9% to 23% (21). Haigh et al.
reported 75% 2-year survival in eight patients undergoing
complete surgical resection and adjuvant radiation therapy
and chemotherapy (22). Tan et al. reported 5-year survival in
three of five patients who underwent complete resection, four
receiving postoperative radiation therapy and three receiving
postradiation doxorubicin chemotherapy (23). Pudney et al.
reported a median survival of 13 months for five patients with
stage IVB ATC treated with either radiation therapy concurrent with doxorubicin or with induction docetaxel, doxorubicin and cyclophosphamide (24). Similarly, Higashiyama
et al. reported 44% 1-year survival in nine patients with stage
IVB ATC treated with induction paclitaxel in comparison to
5.9% in a historical control group (25).
Despite these pilot data intimating improved ATC outcome
from aggressive up-front therapy, several critical questions
remain that should ideally be addressed in multicenter randomized trials. In particular, although the early integration of
systemic therapy of various kinds in patients with stages IVA
and IVB ATC appears to result in improved outcomes, including survival, it is still unclear as to which systemic therapy is best. In our series, there was no clear correlation
between the chemotherapy administered and outcome, leaving the impression that some chemotherapy was better than
no chemotherapy, but leaving the question of optimal approach still unresolved.
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Similar uncertainty remains about the optimal means of
administration of radiotherapy. We have chosen to utilize
IMRT, as it allows us to administer a more conformal high
dose (60 to 70 Gy) with improved homogeneity to the gross
disease and high-risk areas (lymph nodes and tracheoesophageal groove) while lowering the dose to normal organs at
risk, including the salivary glands, epiglottis, false vocal
cords, true vocal cords, arytenoids, central and posterior aspects of the pharyngeal constrictors and esophagus, brachial
plexus, and spinal cord. The optimal fractionation schedule,
however, has not yet been determined. Moderate dose
(57.6 Gy), twice-daily, 3 days per week, slightly accelerated
radiation therapy combined with concurrent weekly doxorubicin required interruption in 70% of patients due to severe
pharyngoesophagitis and tracheitis (10). High-dose (60.8 Gy)accelerated fractionation even without concurrent chemotherapy may be too toxic, as resulting median overall survival
using this approach in ATC was reported to be just 10 weeks
(26). Low-dose (40 Gy)-hyperfractionated-accelerated radiation therapy with sequential but not concurrent chemotherapy (doxorubicin) appears, however, to be well tolerated and
effective in ATC, with 50% and 35% 1 and 3 years; survival, respectively (27). High-dose (60 Gy)-hyperfractionatedaccelerated radiation therapy alone in regionally confined
ATC appears well tolerated, but with a median overall survival of just 13.6 months in one series (28), and <10% 1 year
survival in another (29), consistent with our hypothesis that
the addition of systemic therapy may be critical to achieving
improved long-term survival.
With regard to the question of effectiveness of locoregional
control, two of the three patients who developed locoregional
recurrence in our series were treated with once-daily, slightly
accelerated, simultaneous integrated boost IMRT using fraction sizes of 2.16 and 2.15 Gy to total doses of 61.84 and
64.5 Gy, respectively. One of these patients was a long-term
survivor following hyperfractionated re-irradiation with
IMRT to 60 Gy using 1.2 Gy per fraction twice-daily. The third
patient with a local-regional recurrence was treated with
once-daily conventional fractionation IMRT consisting of 35
fractions of 2 Gy each for a total dose of 70 Gy. There were no
local-regional recurrences in the three patients in our series
treated with accelerated twice-daily IMRT, raising the possibility of superior local control using the twice-daily accelerated approach.
In summary, our consecutive series of stage IVA and IVB
ATC patients treated with IMRT and aggressive combination
chemotherapy demonstrates encouraging long-term survival
with acceptable, although significant, toxicity. We believe that
these data, combined with encouraging pilot reports at other
centers, provide a compelling rationale for further investigation of this approach to treating a disease that has historically
been otherwise met with very discouraging outcomes.
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