
Food and Drug Administration for second-line treatment of
patients with advanced squamous and nonsquamous non–
small cell lung cancer (1). Because of its “unbalancing” effect
on the immune system, nivolumab may trigger immune-
related adverse events (IRAEs), especially among patients with
an autoimmune predisposition (2).

Objective: To present a case of nivolumab-induced recur-
rence of rheumatoid arthritis successfully treated with concur-
rent administration of prednisolone in a patient with ad-
vanced non–small cell lung cancer.

Case Report: A 76-year-old man with previously un-
treated stage IV lung adenocarcinoma and a history of rheu-
matoid arthritis that had been in clinical and laboratory remis-
sion for 25 years was referred to the oncology clinic of
“Sotiria” Athens General Hospital for oncologic evaluation and
treatment. The patient was treated with first-line carboplatin–
pemetrexed plus bevacizumab, maintenance pemetrexed
plus bevacizumab, second-line carboplatin–paclitaxel, and
third-line gemcitabine–bevacizumab. Following disease pro-
gression after third-line therapy was begun, intravenous niv-
olumab treatment at 3 mg/kg of body weight every 2 weeks
was initiated. Fifteen days after the first nivolumab infusion, a
rheumatoid arthritis crisis occurred, with symmetrical polyar-
thritis of the upper extremities (particularly in the interphalan-
geal and metacarpophalangeal joints) and lower-extremity
weakness accompanied by marked elevation of rheumatoid
factor levels (251 IU/mL [reference range, <30 IU/mL]) and
citrullinated peptide antibodies (104.3 U/mL [reference
range, <5.0 U/mL]). Oral prednisolone therapy was begun at
20 mg/d and gradually tapered over 10 weeks; symptoms
remitted within 5 days after treatment. Nivolumab therapy was
continued during prednisolone treatment and after its com-
pletion without any modification of the initial protocol.
Follow-up chest computed tomography 3 months after initia-
tion of nivolumab therapy showed a partial response.

Discussion: Patients with a history of autoimmunity are at
increased theoretical risk for IRAEs (2, 3). In support of this
hypothesis, serologic aggravation of autoimmune thyroiditis
and induction of autoimmune hemolytic anemia in patients
receiving nivolumab have been reported (4, 5). However, ad-
equate clinical evidence to substantiate this concern is lack-
ing, mainly because clinical trials of immune checkpoint inhib-
itors typically exclude patients with autoimmune disorders
(2, 3).

Therapeutic management of immune checkpoint
blockade–induced IRAEs generally includes interruption of
the offending agent and suppression of lymphocyte activation
with moderate to high doses of corticosteroids or other im-
munomodulatory drugs, such as azathioprine or tumor necro-
sis factor-! antagonists, in the presence of steroid-refractory
symptoms (2). Cautious use of immunosuppressive agents has
nevertheless been advised in this setting because of concerns
over a potential compromise of antitumor immunity (2).

To our knowledge, this is the first reported case of a pa-
tient with cancer who had a nivolumab-induced clinical recur-
rence of a previously diagnosed autoimmune disorder that
was successfully treated with corticosteroids without discon-
tinuation of the culprit drug. It provides much-needed, real-
world clinical evidence that nivolumab may induce clinical ex-
acerbation of an underlying autoimmune condition even
decades after its last manifestation. Furthermore, pred-

nisolone successfully controlled the arthritis recurrence with-
out the need to discontinue nivolumab therapy and, most im-
portant, without affecting antitumor response. Further studies
are warranted to provide additional data on the efficacy and
toxicity of nivolumab in patients with a history of autoimmune
conditions, as well as to confirm the feasibility of its concur-
rent administration with corticosteroids in the presence of
nivolumab-induced IRAEs.
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Do Sugar-Sweetened Beverages Cause Obesity and
Diabetes? Industry and the Manufacture of Scientific
Controversy

Background: The outcomes of recent regulatory initia-
tives, tax measures, and federal nutritional guidance designed
to curb consumption of sugar-sweetened beverages (SSBs)
have hinged on whether these beverages are a proven cause
of obesity and diabetes. The SSB industry has opposed such
initiatives, claiming that causation is scientifically controversial
(1). We comprehensively surveyed the literature to determine
whether experimental studies that found no association be-
tween SSBs and obesity- and diabetes-related outcomes
(negative studies) are more likely than positive studies to have
received financial support from this industry.

Methods: We searched PubMed from January 2001 to
July 2016 for English-language experimental studies on the
effects of SSB consumption on obesity- and diabetes-related
outcomes, augmented by hand-searching recent reviews
(Supplement, available at www.annals.org). Our strategy in-
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cluded (sugar* or “sugar-sweetened” or sweet* or fructose)
and (beverage* or soda or soft drink) and (obesity or body
mass index [BMI] or weight and/or diabetes or metabolism).
To focus on causation, we included articles with experimental
designs and systematic reviews or meta-analyses of experi-
mental research. We excluded observational studies and
studies supported by SSB competitors (bottled water and
dairy industries). We classified articles as having positive or
negative associations versus no associations. We identified
whether articles were independently funded or were funded
by, or had authors with financial conflicts with, the SSB
industry.

Results: We identified 60 studies (28 trials and 32 system-
atic reviews/meta-analyses of trials) that examined the effects
of SSB consumption on obesity- and diabetes-related out-
comes (Figure). Twenty-six articles (8 trials and 18 systematic
reviews/meta-analyses) described no associations, and 34 ar-
ticles (20 trials and 14 systematic reviews/meta-analyses) de-
scribed positive associations. Studies funded by the SSB in-
dustry were significantly more likely to be negative
independently funded ones: 25 of 26 studies (96.2%) had
funding ties to this industry, whereas only 1 of 34 positive
studies (2.9%) had such ties (relative risk, 32.70 [95% CI, 4.70
to 225.8]; P < 0.001).

Conclusion: We established that experimental studies
that have financial conflicts with the SSB industry are much
more likely than independently funded ones to find no rela-
tionship between SSB consumption and metabolic outcomes.

Although a systematic review done a decade ago found that
nutrition-related studies favor the sponsors' products (2), to
our knowledge ours is the first systematic review of experi-
mental studies that was designed to evaluate causal associa-
tions between SSBs and metabolic outcomes. The strength of
the association between industry and null findings is more
robust than that of the previous analysis (2), a convenience
sample of studies of nutrition-related products (3), and a study
of systematic reviews of artificially sweetened beverages and
body weight (4).

Although some argue that research quality ratings for
SSB studies do not differ greatly on the basis of the funding
source, others contend that such studies with conflicts of in-
terest have deficiencies that bias results toward the null hy-
pothesis (5), many of which may not be detected in standard
ratings. These deficiencies include choice of comparators,
bias in defining confounders (versus mediators), biased cod-
ing of outcomes, bias in data analysis, selective outcome re-
porting, and designs that lack external validity. Current meth-
ods to assess risk of bias, such as those used by entities
influential to health policy (for example, the U.S. Department
of Agriculture Dietary Guidelines Advisory Committee Bias
Assessment Tool), are probably insufficient because they do
not include funding source as a risk of bias.

In conclusion, clinical trials and systematic reviews of trials
in which the conduct of research or investigators were sup-
ported by the SSB industry were much more likely to find no
association between their products and metabolic outcomes

Figure. Study flow diagram.

Articles identified from PubMed search (n = 3185) plus additional
articles identified from reference reviews of SRs of SSBs and
metabolic outcomes between 2015 and 2016 (n = 31)

Trials selected after limiting 
PubMed search to English-
language publications in 
the past 15 y in humans using 
automated strategy (n = 1983)

Eligible articles after refining
PubMed search to include only
clinical trials; controlled clinical 
trials; and randomized, controlled 
trials (n = 329)

Eligible SRs and meta-analyses
after limiting PubMed search to
English-language publications
in the past 15 y in humans 
using automated strategy 
(n = 118)

Experimental studies in final
sample (n = 28)

Experimental studies excluded by
hand-searching (n = 301)
   Included obesity- and diabetes-
      related outcomes but not SSBs
      (n = 194)
   Included SSBs but not obesity-
      or diabetes-related outcomes
      (n = 59)
   Did not test association (n = 20)   
   Not related to SSB and obesity-
      and diabetes-related outcomes 
      (n = 16)
   Study funded by non-SSB
      industry competitor (n = 5)
   Not experimental (cohort study;
      (n = 4)
   Comparison between SSBs 
      only (n = 2)
   Not human study (n = 1)

SRs and meta-analyses of 
experimental studies in 
final sample (n = 32)

SRs excluded by hand-searching (n = 86)
   Not related to SSBs and obesity- and
      diabetes-related outcomes (n = 32)
   Did not include experimental studies
      (n = 18)
   Included obesity- and diabetes-related
      outcomes but not SSBs (n = 13)
   Did not test association (n = 10)
   Included SSBs but not obesity- or
      diabetes-related outcomes (n = 6)
   Not interpretable/ambiguous
      conclusions (n = 5)
   SR of quality of studies (n = 2)

Trials are presented on the left; SRs and meta-analyses are presented on the right. SR = systematic review; SSB = sugar-sweetened beverage.
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than those that were independently funded. This industry
seems to be manipulating contemporary scientific processes
to create controversy and advance their business interests at
the expense of the public's health.
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CORRECTION: DO SUGAR-SWEETENED BEVERAGES CAUSE

OBESITY AND DIABETES?
In a recent Letter to the Editor (1), one of the included

studies (2) was incorrectly categorized as having funding ties
to industry. This resulted in changes to the Results section and
the supplement, which have been corrected both in print and
online. We apologize for this error.
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