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Abstract
Background: It is expected that about 65,000 new patients will be diagnosed with head and neck cancer in 2017
in the United States. Patients with recurrent or advanced or metastatic head and neck do not have good survival
due to aggressive and recurrent nature of this cancer. Moreover, cumulative and residual toxicities from previous and
ongoing treatments significantly impede quality of remaining part of their life. Currently available chemotherapeutic
regimens for this group are derived from the treatments used for the potentially curable disease. These regimens and
associated toxicity are obviously not the best matches for the treatment with palliative intent. We here present a
retrospective study where we used dose-adjusted chemotherapy specifically for palliative treatment this sub-group
of head and neck cancer patients.
Methods: Study population was identified from the University of Florida, and IRB approval was obtained. We used
currently available and approved chemotherapeutic agents (including Taxols, Platins, 5-Fluorouracil and Epidermal
Growth Factor Receptor inhibitors) for treatment of head and neck cancer but dose-adjusted at approximate 50% dose
of currently recommended doses. We then gave personalized doses for a prolonged period by titrating doses based
on response and tolerability of each patient. Data was collected for treatment, response, side effects, and outcomes.
KM analysis was performed for survival data.
Results: Total of 32 patients were included in this study with a median age of 65.2 years and a median follow-up of
10.1 months. 62.5% (n = 20) had locally advanced disease and rest had metastatic disease. 37.5% (n = 12) had new
disease while rest had recurrent cancer. Of 32 patients, 14 patients received TPF based while 18 patients received PFE
based chemotherapy. Total of 270 chemotherapy cycles were delivered among these 32 patients. They received a
median of 9 cycles (range 3–14) over a median of 6.2 months (range 1.8–21.1). With this treatment approach, we noted
median progression-free survival of 14.0 months and median overall survival of 15.7 months. Notable grade 3 toxicities
were generalized fatigue in 12.5% (n = 4), nausea/vomiting in 6.3% (n = 2), diarrhea in in 6.3% (n = 2), mouth soreness
in 6.3% (n = 2), rash in 3.1% (n = 1), neutropenia in 18% (n = 6) and anemia in 15.6% (n = 5) while notable grade 4
toxicities were neutropenia and anaphylaxis in 3.1% (n = 1) patient each.
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Conclusion: With this personalized approach, we noticed minimal side effects, able to deliver prolonged therapy and
obtained comparable results to previous studies.
Keywords: Dose-adjusted chemotherapy, Metronomic chemotherapy, Advanced head and neck cancer, Low-dose
chemotherapy, Recurrent head and neck cancer, Personalized chemotherapy

Background
It is expected that about 65,000 new patients will be diagnosed with Head and neck cancer in 2017 in the
United States [1]. The five-year overall survival rates for
all stages of head and neck cancer has improved from
about 53% in 1980’s to 66% in early 2000’s [2]. 40% of
patients present in limited or early stage (stage I and II)
where treatment can be curative by surgery or radiation
alone [3]. While patients presenting in locally advanced
or metastatic stage treatment is usually multimodal involving radiation and chemotherapy as well. This group
of head and neck cancer with the advanced, recurrent or
metastatic disease has poor median survival of less than
1 year [4–6]. Per National Comprehensive Cancer
Network (NCCN) guidelines, platinum-based drug regimens in combination with a taxane, 5-fluorouracil, and
epidermal growth factor receptor (EGFR) inhibitors remains front-line therapy in patients with good performance status [5, 7–11]. Triple regimen TPF (including
taxol, platin, and 5-FU) or PFE (including Platin, 5-FU,
and EGFR inhibitor) are frontline regimen especially for
advanced and metastatic cancer [6, 10, 11].
Unfortunately, many patients with recurrent or incurable head and neck cancers have been treated over periods of months to years with chemotherapy, radiation
and/or surgery at some point they focus on the quality
of life over longevity. This is particularly true for those
patients, who had to endure debilitating effects of head/
neck surgery or patients who undergo high-dose
radiation therapy which results in the severe dry mouth,
caries, osteonecrosis of the jaw among a cadre of other
adverse side effects. This is an important factor in deciding whether or not they would pursue any further or
additional therapy [12, 13]. As such, patients offered
standard dose chemotherapy (outlined in the NCCN
guidelines) are faced with a slew of not uncommon drug
toxicities. These standard dose regimens with 2 to 3
drug combination, can only be used for short duration
and are typically limited up to 4 cycles (rarely 6) due to
associated toxicities [5, 7, 11, 14]. While such treatment
strategies can shrink cancers in incurable disease, these
approaches are only of limited therapeutic value given
their limited duration.
While developing cancer treatment regimens, phase I
and phase II trials are designed to identify maximum tolerated dose (MTD) with acceptable grade 3 and four

toxicity. In general, oncology axiom has been that dose,
and clinical response has a linear relationship where
higher dose gives superior responses. However, contrary
to this belief is the concept of dose adjusted or low-dose
chemotherapy has been used for squamous cell head
and neck cancers, where lower dosages as compared to
MTD has been reported to be equally effective with
much minimal significant side effects and thus aiming
for better quality of life while undergoing chemotherapy.
[15–20]. This is often why patients with advanced
disease and poor functional status are also considered
for single drug therapy or best supportive care [3, 21].
Similarly, a metronomic approach where low-dose
chemotherapy is administered continuously or at frequent intervals has been studied in a variety of cancers
including breast, central nervous system cancers, lung
cancer, hepatocellular cancer, colorectal cancer as well as
head and neck among many other cancers [22–25].
Metronomic chemotherapy is still in evolution ever since
it was first reported [26] and dosing schedules have been
variable in each of these studies [22–25]. These alternative approaches can be defined personalized medicine
which can afford same benefits as compared to conventional chemotherapy based on MTD [27].
Similarly in our practice, several of our patients with
advanced disease would not pursue further treatment
unless we could promise them little to no side effects
and a reasonable quality of life with offered chemotherapy. We accepted this challenge and together carved out
a personalized chemotherapeutic plan to accomplish
this. We began down this pathway by reducing the
standard doses as per NCCN recommendations by half
so that we could avoid side effects while giving chemotherapy and maintaining patient’s quality of life. Our initial goal was to raise the dosing up to a point where the
patients began to get side effects as to maximize the
dose given and potentially the response rate. However,
we serendipitously found that majority of these patients
started on lower doses responded in equivalence to
standard doses and thus not needing escalation to standard doses. Herein, we report the results of our 32
patients who received this low dose chemotherapy using
commonly used Food and Drug Administration (FDA)
approved chemotherapeutic drugs, including Taxols,
Platins, 5-Fluorouracil and EGFR inhibitors, but at a lower
dose. Using this lower dose regimen, we achieved equal or
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better outcomes as compared to standard dosing and
where patient’s had little to no side effects (level 3/4).

Methods
Ethical approval

This retrospective study was done at the University of
Florida. All standard ethical guidelines were followed in
accordance with the Declaration of Helsinki, and full
waiver of consent was obtained as per approval from
University of Florida institutional review board
(IRB201500105).
Study population

The study population was identified from University of
Florida/UF health clinic. Inclusion criteria included
patients treated with a modified dose of TPF or PFE for
palliative treatment. Included patients compromised of
the adult population only who either had recurrent or
newly diagnosed HNSCC and were not considered surgical candidates. All patients who received conventional
dosing for curative intent were excluded.
Treatment

Patients were treated with FDA approved drugs for the
treatment of squamous cell head and neck cancers.
These patients were treated with current first-line drugs
including taxanes (paclitaxel or docetaxel), platinum
(cisplatin or carboplatin), 5-fluorouracil and EGFR
(Cetuximab or panitumumab) inhibitors in either TPF
or PFE chemotherapy regimens. Paclitaxel, cis-platin and
Cetuximab were the main drug used in corresponding
groups from taxanes, platinum and EGFR inhibitors respectively. These drugs were rarely substituted with
other drugs in same drug group due to patient-related
factors. We initiated standard first-line therapies starting
approximately at ½ or 50% normal dosing to where side
effects can be avoided or minimized. Treating physician
then closely monitored response with the documentation
of tolerability subsequently doses were incrementally increased until the emergence of intolerable side effects
and titrated after that. Patients were followed with
clinical response, and radiological studies were performed at frequent intervals to monitor tumor status. As
we mentioned earlier, dosing schedule with metronomic
chemotherapy has been varied and empiric and thus unclear pharmacokinetic profiles [28]. Similarly, we selected
50% dosing as a starting point, but we further titrated up
or down based on the individual patient profile.
Statistical analysis

Performance status of patients was measured using the
Eastern Cooperative Oncology Group scale (ECOG) [29].
Clinical adverse events and drug toxicity were measured
using National Cancer Institute Common Terminology
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Criteria for Adverse Events (CTCAE; version 3.0) [30].
Radiologic studies were done, and tumor response was
evaluated using Response Evaluation Criteria in Solid
Tumors 1.0 criteria. The tumor volumes were calculated
using the Visage Picture Archiving and Communication
Systems. The outline of the enhancing portion of the
tumor is traced freehand on each slice to calculate an area.
The area on each slice is summed to calculate a volume.
Radiologic response was determined in terms of
complete response (CR), partial response (PR), stable
disease (SD) and progressive disease (PD) [31]. Additionally, near complete response (nCR) was defined as a decrease in tumor size of between 95 and 99%, and
pathologic complete response (pCR) was defined as
when radiological examination revealed residual disease
at the tumor site, but a pathological examination of
residual disease did not reveal any active cancer.
Disease control rate (DCR) was defined as the combination of CR, nCR, PR, and SD. Overall response rate
(ORR) was defined as the combination of CR, nCR, and
PR. OS was defined as the interval between the beginnings of the first cycle of chemotherapy to the last
follow-up or death from any cause. Progression-freesurvival (PFS) was defined as the time interval between
initiation of chemotherapy and documentation of progression or censored at the time of death or the final
follow-up in surviving patients without progression.
SPSS software (IBM SPSS, Armonk, NY, USA) was used
to calculate OS and PFS using Kaplan-Meier estimates.

Results
This retrospective study included 32 patients with squamous cell head and neck cancer. Median age was
65.21 years (range 50.62–79.50). Of these 32 patients 28
(87.5%) were males and 4 (12.5%) were females. 12
(37.5%) patients had newly diagnosed cancer while 20
(62.5%) patients had recurrent disease. 20 (62.5%) patients had loco-regional disease while 12 (37.5%) patients
had metastatic disease. Study data were collected from
October 2013 to March 2017. Median follow-up time
was 10.1 (range: 1.9–40.2) months after starting
chemotherapy.
Thirty one patients had ECOG performance status was
less than 2 while 1 patient had Eastern Cooperative
Oncology Group (ECOG) status of 3. Of these 32 patients, 20 (62.5%) patients had recurrent disease and
were treated previously with either radiation, chemo,
surgery or multimodality combination. Please refer to
Table 1 for demographic details.
Using this low dose personalized chemotherapy, we
were able to deliver a total of 270 chemotherapy cycles
among these 32 patients. Median was 9 cycles with a
range of minimum 3 cycles and maximum of 14 cycles.
Of 32 patients, 14 patients received TPF based while 18
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Table 1 Demographic details
Variables
Age (years)

Sex

ECOG

Cancer status

Cancer Extent

P-16

sub-category

n

Median

65.21

Minimum

50.62

%

patients had expired by the end of the study while
6.25% (n = 2) patients lost follow up and were censored at the last follow up date. Please see Table
2 for treatment response at initial and last followup study.

Maximum

79.50

Male

28

87.5

Kaplan-Meier analysis

Female

4

12.5

0

24

75.0

We noted estimated median PFS was 14.0 months and
median OS of 15.7 months. Please see Table 3 for comparative doses, cycles and results with other lank mark
studies. Figure 1 shows KM estimate curves for PFS and
OS.

1

7

21.9

2

0

0.0

3

1

3.1

4

0

0.0

Tumor volumetric

New

12

37.5

Recurrent

20

62.5

Loco-regional

20

62.5

Metastatic

12

37.5

Tumor volumes measurements (Fig. 2) showed average
tumor shrinkage by 50.6% at first follow-up and 60.9%
on second follow-up studies which were done at a median interval of 3.5 and 6.2 months respectively. Tumor
volume measurement was done on all available patients
and was feasible in 90.6% (n = 29) at 1st follow-up and
78.1% (n = 25) on 2nd follow-up.

Not available

16

50.0

Positive

8

25.0

Negative

8

25.0

Long-term benefits

patients received PFE based chemotherapy. Of platin
group, Cisplatin was mostly used and median dose used
was 45 mg/m2 with a range of 20–75 mg/m2. Rarely
carboplatin was used with median AUC (Area under the
curve) of 3, the range of 2–5 AUC. Among taxanes,
paclitaxel was the main drug with a median dose of
80 mg/m2 (range 60–80 mg/m2), rarely nab-paclitaxel
was used at a median dose of 80 mg/m2 (range 70–
100 mg/m2). In certain patient-related clinical circumstances, docetaxel was used at a median dose of
32.5 mg/m2 (range 25–35 mg/m2). These substitutions
were mostly related to patient-related factors. Median dose
of 5-FU was 360 mg/m2/day (range 200–800 mg/m2/day).
Cetuximab was used at standard doses.
On first follow up study which was done at median
interval of 3.5 months, out of 32 patients 12.5%
(n = 4) patients achieved complete response (CR),
6.25% (n = 2) achieved near complete response
(nCR), 53.1% (n = 17) achieved partial response (PR),
18.8% (n = 6) achieved stable disease and rest 9.4%
(n = 3) had progressive disease by Recist criteria. This
corresponds to 90.6% disease control rate and 71.9%
overall response rates.
At the end of study, 28.1% (n = 9) patients had
complete response (CR), 6.3% (n = 2) patients had
near complete response (nCR), 21.9% (n = 7)
patients had partial response (PR), 9.4% (n = 3)
patients had stable disease (SD) and 34.4% (n = 11)
patient had progressive disease (PD). This corresponds to 65.6% disease control rate (DCR) and
56.3% overall response rate (ORR). 40.6% (n = 13)

When these patients presented, surgical options were
ruled out due to metastasis, locally advanced disease or
due to previous surgery or radiation treatments in recurrent diseases. Due to radiologic complete or near-complete response to chemotherapy, a total of 6 (18.8%)
patients were later considered as a candidate for surgical
exploration. No residual disease was found on pathologic
examination but of these 6 patients, but 1 patient later
relapsed with metastatic disease. One additional patient
went for cryo-ablation and biopsy, and no pathologic
disease was found. Altogether 6 (18.8%) patients
achieved pathologic complete response (pCR) where
radiologic studies were still showing a complete or nearcomplete response, but pathological examination did not
reveal any active tumor. Another 3 (9.4%) patient were
considered to be a complete response without the need
of exploratory surgery based on radiologic findings. Thus
Table 2 Tumor response as per recist criteria at initial and last
follow-up
Tumor response At 1st follow-up study
At the end of study
(At median of 3.5 months) (At median of 10.1 months)
n

%

n

%

CR

4

12.5

9

28.1

nCR

2

6.3

2

6.3

PR

17

53.1

7

21.9

SD

6

18.8

3

9.4

PD

3

9.4

11

34.4

DCR

29

90.6

21

65.6

ORR

23

71.9

18

56.3
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Table 3 Shows a comparison of the dosage used, the number of cycles and reported survival of landmark studies and this study
Drugs/cycles

This study
(Median dose)

Paclitaxel mg/m2

EXTREME
regimen [7]

TPF
regimen [10]

80

2

Docetaxel mg/m

32.5

CISplatin mg/m2

45

100

3

5

5FU mg/m2/day

360

1000

250

250

2

PCE
regimen [14]

SPECTRUM
regimen [5]

100

CARBOplatin AUC

Cetuximab mg/m

TPEx
regimen [11]
75

75

75

75

100
2.5

750
250

1000
250

Panitumumab mg/kg

3.5

9

Maximum cycles

14 (median 9)

6

4

4

6

6

PFS (months)

14.0 (CI: 5.3,22.6)

5.6

14

11

5.2

5.8

OS (months)

15.7 (CI: 1.7, 29.7)

10.1

6.2

18.8

14.7

11.1

in total, 9 (28.1%) patients achieved long-term benefits.
Of 12 (37.5%) patients who had metastatic disease at the
beginning, 3 (9.4%) patients achieved a complete response and while 1 patient achieved near-complete response radiographically without surgical intervention.
Toxicity

Very few patients endured grade 3 or 4 level toxicities.
Notable high-grade toxicities were generalized fatigue in
12.5% (n = 4), grade 3 neutropenia in 18% (n = 6) and
grade 4 neutropenia in 1 patient. Table 4 shows details
of high grade toxicities observed in this study.

Discussion
Locally advanced or metastatic head and neck cancer is
likely incurable disease if either surgery or radiation are
not options. Despite the effectiveness of both of these

modalities, these treatment methods do not afford
patient cure to all. With head/neck cancer patients, a
subset of these patients fails either one or both modalities or present with metastatic disease. In each of these
cases, palliative or best supportive care is the only
medical feasible option which may provide benefit. In
these situations, when head/neck cancer is deemed to be
a terminal condition, quality of life (QOL) becomes principal factor in any further medical decision-making.
FDA recently approved Pembrolizumab and Nivolumab
for a patient with advanced Squamous Cell Carcinoma
of the Head and Neck (SCCHN) and who failed
platinum-based therapy, pembrolizumab has shown a
good benefit in patients who failed platinum-based therapy [32]. Usually, these drugs are reserved for a patient
who failed standard therapy and where we are looking
for improved survival with reasonable quality of life but

Fig. 1 Progression-free and Overall KM survival curves. Represents Kaplan-Meier curves for estimated progression-free (left) and overall
survival (right)
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Fig. 2 Tumor volumes response. Represents tumor volume reduction
in percentage as a response to treatment overtime

Table 4 Reported High-grade toxicity
Toxicity

Grade

n

%

Nausea

Level-3

2

6.3

Level-4

0

0.0

Level-3

2

6.3

Level-4

0

0.0

Level-3

2

6.3

Level-4

0

0.0

Level-3

1

3.1

Level-4

0

0.0

Vomiting

Diarrhea

Anorexia

Mouth soreness/Stomatitis

Neuropathy/Numbness

Fatigue/Weakness

Rash

Conjunctivitis

Anaphylaxis

Neutropenic fever/sepsis

Neutropenia

Thrombocytopenia

Anemia

AKI

Level-3

2

6.3

Level-4

0

0.0

Level-3

0

0.0

Level-4

0

0.0

Level-3

4

12.5

Level-4

0

0.0

Level-3

1

3.1

Level-4

0

0.0

Level-3

0

0.0

Level-4

0

0.0

Level-3

0

0.0

Level-4

1

3.1

Level-3

0

0.0

Level-4

0

0.0

Level-3

6

18.8

Level-4

1

3.1

Level-3

1

3.1

Level-4

0

0.0

Level-3

5

15.6

Level-4

0

0.0

Level-3

0

0.0

Level-4

0

0.0

not cures. However, those patients who wish to avoid
side effects from standard chemotherapy or have a
performance status of >1 may not be eligible to receive
these drugs first line. Even if patients could receive one
or both of these drugs as first-line therapy a major question would this be an optimal treatment strategy.
It is common to see treating physicians reducing the
dose of chemotherapy by certain percentage after
toxicity becomes unbearable. However, by that time
sometimes it is too late as a patient might not be able to
tolerate any further chemotherapy or refuse any further
treatment based on poor quality of life from
chemotherapy-associated toxicity. This might lead to
what we define as ‘treatment failure’ whereas those same
patients might have responded well once their doses
were lowered and toxicities become tolerable. Toxicities
with standard doses are the main limiting factor for the
number of cycles or duration of therapy given for any
particular drug. We might be able to see full effects of
the drug if they are given for longer duration, which
requires controlling associated toxicity which in turn
might need using lower doses than recommended.
With the approach we used in this study, instead of
starting high dose and waiting for toxicity to decide
when to lower the dose, we began low and then slowly
raise the dose until we hit the boundary between acceptable and unacceptable toxicity for each patient and each
drug. By starting low and then titrating the dose up
based on response and tolerability, we were able to
maximize the number of the cycle each patient could get
and in turn received potentially the maximal benefit
which could be afforded with these drugs. Initial doses
were about 50% of standard doses and doses were then
constantly titrated from thereon, considering each individual. Surprisingly many patients responded extremely
well with lower doses and did not require full intensity
chemotherapy. This stresses the important point that
each individual has different chemo-sensitivity analogous
to different toxicity in each individual with similar doses.
This is probably a result of each patient’s different ability
of metabolism and excreting drug as well as the
tolerance of each patient which is affected by each patient’s
comorbidities. Since lower dose chemotherapy has better
tolerability, this allowed us to deliver a maximum of 14
chemotherapy as compared to a maximum of 4 (rarely 6)
cycles for standard chemotherapy regimens with the same
drugs in landmark studies [5, 7, 11, 14]. Due to lower toxicity, the patient received uninterrupted and sustained
chemotherapy (median of 6.2 months, range 1.8–21.1). This
prolonged anti-neoplastic therapy revealed ultimate antitumor capability of these regimens in due course. Due to protracted therapy, we were able to reveal potential long-term
benefits of these drugs in this patient population with advanced or metastatic disease. This is evident from 3 (9.4%)
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patients achieving CR while another 1 patient achieving
nCR despite having metastatic disease, to begin with.
There are several reasons why lower dose chemotherapy can be effective. First, recurrent and frequent lowdose chemotherapy over prolonged time causes tumor
angiogenesis inhibition by endothelial cells inhibition or
toxicity [33–35]. Also, T cells (Tregs) within tumors help
to suppress the immune system from recognizing and
attacking cancer. Low-dose frequent administration of
chemotherapy selectively reduces these Treg cells and
interferes with the immune-suppression function of
these Treg cells (blocking their function) while not
significantly interfering with the immune system, thereby
unleashing the immune system to attack cancer similarly
as checkpoint inhibitors [36–38]. Another mechanism
which explains benefits from this low dose frequently repeated dosing is averting secretion of certain proteins by
stromal cells in tumors which occur after high-intensity
chemotherapy. These proteins are believed to be responsible for recurrence of aggressive forms of tumors from
residual cells [28]. Metronomic chemotherapy not only
targets the microenvironment of tumor cells but has also
been noted to causes direct cytotoxicity from prolonged
exposure to low concentrations of chemotherapy [39].
Another similar known approach is dose dense
chemotherapy, a methodology where the dose is given
but in a higher number of fractions. The approach is
based in part on the understanding of Gompertzian
growth curve, essentially small tumor grows rapidly
hence are typically very sensitive to chemotherapy due
to rapid acceleration. However, tumor growth rate
plateaus or slows down over time as the tumor cells outgrow the available nutrients and blood supply essential
for rapid growth. Since like normal cells, tumor cells recover and regrow several days after cytotoxic effects of
chemotherapy vanishes and by hitting the tumor cells at
this time when they are just beginning to grow rapidly
again, chemotherapy becomes more effective. Hence, in
low dose chemotherapy by fractionating 3 week dosing
into weekly dosing, each weekly dose is better tolerated
as the dose is much lower, but the effectiveness of
therapy is increased by repeated dosing [40].
Although these studies performed by using a low dose
or dose-dense or metronomic chemotherapy approach
have varied schedules and doses, they have common
underlying principle. By using these better-tolerated
regimes, researchers have discovered other anti-tumor
mechanism as discussed above in contrast to the direct
cytotoxic effects of MTD based treatment regimens. We
aimed to follow the same underlying principle and
provided flexibility and individualization with low-dose
and prolonged chemotherapy. This study also discovered
another important point that surgical option, which was
excluded at the first place due to advanced disease
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became an option once again after we were able to
achieve a complete or near complete response. Due to
this, 6 (18.8%) patients went for surgical exploration to
explore and eradicate any residual disease and thus
giving further long-term benefits.
Study limitations

As with all retrospective studies, this study does have inherent limitations of a retrospective study. The main aim
of this study was to provide evidence that lower doses of
currently available regimens might be effective and can be
individualized based on each patient and not to propose
any new protocol. We did not perform any formal evaluation regarding the quality of life but patients in this study
received a median of 9 cycles of chemotherapy, and low
toxicity profile does give indirect evidence of better
tolerability and thus better quality of life. Relatively small
sample size of this study is another limitation.

Conclusion
These encouraging results along with low toxicity profile
of this chemotherapy approach inspire us towards
patient-tailored approach rather than one-size fits all
approach, especially for palliative treatment.
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